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MARATHON 


Pe DROP HAMMERS 
NA S SEV} for high speed production 
Of intricate forgings 








Specially designed for high speed 
production of intricate forgings, Massey 
Marathon Drop Hammers have compressed 
air control for easier operation. Electrical 
drive ensures low upkeep costs and the 
design of the slides and standards makes 


accurate die alignment easy. 


Important design features include fully 
automatic control for any length of blow 


and the lifter is insulated from shock 


MASSEY 


for longer life. Available in sizes from 
10 cwt. to 40 cwt. 
20 ewr. Marathon Drop Hammer in our 


own forge. 





STAND 26, GRAND HALL 
INTERNATIONAL MACHINE 
TOOL EXHIBITION 
OLYMPIA 
JUNE 25th — JULY 8th, 1960 


MASSEY DESIGNS INCLUDE :- 





Steam and Compressed Air 
Hammers, Pneumatic Power 
Hammers, Friction Drop 


Hammers, Double-Acting Steam 





ae B«S. MASSEY EF? opensHaw - MANCHESTER - ENGLAND 


Hammers, Counterblow 


Hammers, Forging Presses, Use 


MAKERS OF THE WORLD'S GREATEST RANGE 
OF FORGING AND DROP FORGING PLANT 


Rollers, Trimming Presses, 
Tyre Fixing Rolls 
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CARBONITRIDIN 


... the best in every case 


CONSIDER THESE POINTS: 


@ Clean working conditions 


@ Unskilled labour may be employed to 


carry Out the process 
@ Post-cleaning operations reduced 


@ No storage space required for case hard- 


ening materials 


® Simple system of atmosphere control 








| Shaker hearth furnace 








@ Atmosphere employed is raw Town's 


Gas and Ammonia 
® No costly gas preparation plant required 
@ Batch or continuous equipment 


@ Consistent repetitive results 








[ CARBONITRIDING OF MILD STEEL (En 32) 
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FOR ALL HEAT-TREATMENT PURPOSES 


WILD-BA 


ELEC 


BarieLD 


FURNACES 








Rotary drum furnace 


RFIELD ELECTRIC FURNACES LIMITED 


Wwe S« 
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Exeating Rods 
for 

EXig in 
Temperatures 


The high reputation of SILIT Heating Rods 

for Electric Furnaces is of many years’ standing. 

They are remarkable for their limited amount of “ageing’’ 

which is amply covered by a voltage reserve 

of only 40% for temperatures up to 1500°C. 

A salient feature of the SILIT Heating Rods is that butt joints 
between the glowing portion and the connecting ends are avoided. 
The thickened ends are formed by tightly fitting sleeves 

made of the same material as the rods. 


A wide range of Silit Rods of equal diameter throughout 


can also be supplied, diameters ranging from },"-1}". 


Po al z ioe, "> 
Siemens-Schuckert 
(Great Britain) 
Ltd 






Dept. $97 

FARADAY WORKS GREAT WEST ROAD BRENTFORD MIDDX. 

Tel: /SLeworth 2311 Grams: Siemensdyn - Brentford Telex No: 25337 
BIRMINGHAM: Tel. Midland 8636 CARDIFF: Tel. Cardiff 72094 GLASGOW: Tel. Central 2635 
MANCHESTER: Tel. Altrincham 2761/2 ° NEWCASTLE: Tel. Wallsend 68361 - SHEFFIELD: Tel. 27218 





Smee sS97 
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For accurate forgings with high production... 












‘ 
. se LAMBERTON 


HORIZONTAL FORGING and 
UPSETTING MACHINES 


Automatic feeder can be 
provided as special attachment. 


EUMUCO (ENGLAND) LTD 


2635 





26 FITZROY SQUARE, LONDON, W.1 Telephone: Euston 4651 

















THE ‘ROLLMASTER' FORGING ROLL 


faster more accurate pre-forming 








Complete portability for maximum forge shop utilization 
‘ All steel fabrication - Totally enclos2d transmissions in oil 
Exclusive ) | : | 
Double helical gearing for smoother drive, more power, longer life 
Pre-forming speeds match forgin ress production rates 

Features ee ne 


Extra rapid electric contro! 


Complete range from |'" to 5° square stock 


WILKINS & MITCHELL LTD. | DARLASTON | S. STAFFS | ENGLAND 


Cogent 
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Brayshaw Furnaces installed at Messrs 
Samuel Osborn & Co. Ltd. in their 
new factory at Holbrook, Sheffield, -xG 
which is engaged in the production of 
*‘SOCAST”’ Precision Steel Castings 








Brayshaw FURNACES For Precision Heat Treatment 
Once again furnace design by Brayshaw is playing a vital Industrial furnaces for 
part in a new industrial advance... . all purposes including : 


In the development of their ‘ SOCAST ’ Precision Steel Casting 
techniques and for the increasing production flow from their ANNEALING 
new factory Messrs. Samuel Osborn & Co. Ltd. have specified . : ; 
Brayshaw Furnaces. This choice demonstrates a confidence in Brayshaw CARBURISING 
design and manufacturing ability that is shared in increasing measure 
by forward-looking concerns the world over. GALVANISING 
Brayshaw technical ‘know-how,’ research, design and production HARDENING 
facilities have no equal . . . expert consultation on new Projects, re- FORGING 
equipment, conversion, repair and general maintenance of 
all types of plant is immediately available on request, please do not TEMPERING 
hesitate to... . 


Ask BRAYSHAW the specialists in design and construction of - _ 
internationally famous furnaces MELTING, etc. 


BRAYSHAW FURNACES LIMITED 


BELLE VUE WORKS, MANCHESTER, 12 Phone: East 1046 Grams Hardening, Manchester 


Sheffield office: 84 Blonk Street, Sheffield, 3 Phone: Sheffield 22449 
London office: 2! Liverpool Street, London, E.C.2 Phone: Ave. 16178 
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SHELL-MEX AND B.P. GASES 


LIMITED 
carry weight in industry 


tO 













iat, 






i 















MY pn 
NWN ANY yg | 
. oe 2 > i 
jenerators producing spec - 
h es for gas carburizing 


atmospher ering Company Limited 


E.N.V. Engine 


Propane and Butane are now available to 
industry from the great British refineries 
of the Shell, Eagle and BP Groups 

They are petroleum gases delivered and 
stored as liquids under moderate pressure. 
Propane supplied by Shell-Mex and 

B.P. Gases Limited provides industry not 
only with a high calorific value fuel gas 
(approximately 2,500 B.t.u./cubic foot) but 
also with an excellent medium for the 
production of special furnace atmospheres. 
It is widely used for gas carburizing, 


4 carbonitriding and bright annealing of 
ferrous and non-ferrous metals. - 
‘Bottogas’ Butane is used as a fuel 
. 
ue 


Why for fork lift trucks and for many other 
- specialised applications 








SHELL-MEX AND B.P. GASES LIMITED 


| 
| 
(Regd. users of trade marks) ‘The bugest distributors of Propane in the UK 
CECIL CHAMBERS 76-86 STRAND LONDON WC2 Telephone: TEMple Bar 1234 | 

















ETHER XACTROL 


(LIMITED | 
Potentiometer Recording Controllers, SERIES 2000 











TYPE 2000 with on/off control 


TYPE 200! with Anticipatory control 
(1% band width) 


























COMPLETE UNIT 
MOUNTED TO SLIDE OUT 
AS ONE 


for ease of servicing the arnplifier is a plug-in uni ’ 


ETHER ‘XACTROL’ Potentiometer Recording Controllers 
are high-quality instruments, of the very latest design, for accurately controlling 
and measuring temperatures of —200°C up to +2,000°C. They are equally suitable 
for measuring variables, such as speed, strain, pressure, and hydrogen-ion concen- 


tration, as well as any other quantity that can be expressed as an electricalfsignal. 


* SIMPLICITY OF DESIGN * EASIER RANGE CHANGING 


L provide EVEN HIGHER STANDARDS OF PERFORMANCE 


SALIENT * Unique Zero-load & Zero-differential control system 
FEATURES “ 6 calibrated scale * Small panel cut-out 10; 9 
TY INCLUDE! * Patent Ink Cartridge * Front control-point setting 


An exclusive feature of the ETHER ‘ XACTROL’ is the 
unique ZERO-LOAD & ZERO-DIFFERENTIAL CONTROL SYSTEM 


(poten: applied for) 
which totally eliminates the use of 
mechanically-operated linkages and 
snap-action switches. FILL IN Please supply, without obligation, full details of the 
ETHER *‘XACTROL' 


FIRM 


e ZERO-LOAD even at control point AND 
e ZERO-DIFFERENTIAL 


e WIPING-ACTION,  continuously- POST ADDRESS 
cleaning contacts 


e ADJUSTABLE OVER FULL SPAN NOW Attention of 


delivered REPRESENTATIVES THROUGHOUT THE U.K. 
AGENTS IN ALL PRINCIPAL COUNTRIES. 


TYBURN RD., BIRMINGHAM, 24 (East 0276-8) 
from £125 : () ; () Jes yed IER CAXTON WAY, STEVENAGE, BERTS. odin 





NG GREATER ACCESSIBILITY * EASIER SERVICING & INSPECTION 
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STANDARD 


FORGER 




















Covmac Forging Machines are made in 
eight sizes to take bars from | to 6 
ins. in diameter. Safety devices on 


all models prevent overloading. 


Covmac also make Automatic 
Forging Machines, as well as 
machines for making balls up to 
and including 4 ins. diameter. 
In addition there are 
three sizes of Hot 
Milling and Sawing 


Machines. 









3-in. machine illustrated with 


main guards removed 


COVENTRY MACHINE 


TOOL WORKS LTD. 


GRANTHAM RD., HALIFAX 
ENGLAND 


Phone: Halifax 3234-5 
Grams: Covmac, Halifax 


, = ~ENTS-: ISTRA rt Lodge & Co. Ltd., 386 Harris Street, Ultimo. Sydney, N.'S.W. CANADA: Williams & Wilson 
Ov ary —s —— A a ~ —. Anonyme Alfred Herbert, | & 3 Rue du Delta, Paris (9°). HOLLAND: Esmeijer & Co., 
Lid... 344 Inspect tcrdam, ©. INDIA: Alfred Herbert (India) Ltd., 133 Strand Road, P.O.B. 681, Calcutta, 1. NEW ZEALAND: Gilbert 
Oosterkade 2 m1 5 4d Office: 24 Gt. South Road, Newmarket, Auckland, N.Z. (P.0.B. 9194, Newmarket); also at Christchurch 
Lose, UA, PAKIST AN Guest Keen & Nettlefolds in Pakistan Ltd., P.O.B. 819, Bank of India Buildings (3rd Floor), Bunder Road, 
“~ ee SOUTH AFRICA AND RHODESIA: Hubert Davies & Co. Ltd., Hudaco House, 7 Rissik Street, Johannesburg. SPAIN: Gumuzio 
Karachi. SO . S.A. Gran Via 48, Apartado 920, Bilbao 
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Medium and 


omall Forgings > Corben 


and 
Alloy Steels 


' BROWN 


ALLOY STEELMAKERS + FORGEMASTERS * STEEL FOUNDERS *" HEAVY ENGINEERS 







THOS FIRTH A JOHN BROWN LIMITED ’ SHEFFIELD ° ENGLAND 
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One of the oldest manufacturers of commercial motor vehicles in this country, ale 
Albion Motors keep up to date in their manufacturing methods 
by installing the latest and most efficient equipment available. 
An example is the electrically heated Pusher Furnace supplied 


by G.W.B. Furnaces Limited 





APPLICATION Various forgings such as main 
shafts, countershafts, pinion shafts and gear blanks 
are normalised by heating up to 900 C. and slow 
cooled down to 400 S00 ¢ 

AL TOMATIC OPERATION The only labour 
required is for placing the components into the 
charge trays at the entrance end of the furnace. By 
press itton, the following cycle automatically 
takes pk (1) The entrance door rises. (2) The 
pusher ram propels the loaded tray into the fur- 
nace. (3) The ram returns. (4) Entrance door 
lowers. (5) Exit door riscs. (6) Hydraulically oper- 
ited go-getter pulls last tray from exit end of 
furnace on to a cross conveyor. The cross conveyor 
moves the normalised parts to the top of an 
inclined roller track where the tray is unloaded by 
a tipper, and then returns empty to the entrance 
Overall view from charging end of 145 kw Pusher Type Normalising end of the furnace a 
Furnace at Albion Motors Limited OUTPUT 600 Ibs. of normalised forgings per hour. 


Giup G.W.B. FURNACES LTD. 


P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS. Telephone: Dudley $5455 (9 lines) 


Associated with Gibbons Bros. Ltd. and Wild-Barfield Electric Purnaces Ltd. Gws7's 
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From experience Gibbons ‘‘H.T 1"’ insulating refractory is the automatic choice 
of leading furnace manufacturers and users — its combination of low thermal 
conductivity with resistance to high temperatures has proved remarkably 


effective in minimising heat losses and raising furnace outputs. The Gibbons 


‘H.T 1"'is developed from more than 20 years’ 


fivid 
experience in the manufacture of insulating } | \ 7 * 
refractories and today an entirely new and | } 4 ) al 
Original manufacturing technique enables us y s 


to offer material having unique physical 


properties at a price you can afford to pay. INSULATING REFRACTORIES 


Reiractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 55/41 mew.126 
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- Birlec-Efco (Melting) Limited has been 
formed by Birlec Limited and Efco Limited 
for the design and supply of all types of 


ay CF 
) electric melting furnaces, including vacuum 
furnaces, for the ferrous and non-ferrous 


metals industries. together with smelting Oe 
farnaces and induction heating equipment. INDUCTION 


During the last 50 years the parent companies 
have installed throughout the world: — HEATERS 


_ combined 


ratings exceed 
30,000 kW 





Thesdirectors and staff of the 
new company are, without 
exception, drawtt froin the 

parent companics, A unique 
combination of design, 
experience and skill is thus made 
available to oy nt 
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This journal is devoted to metals—ferrous and non-ferrous—ther 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with research work and development in all these fields 


Competition 


Giant dies for hot forging £. G. DONALDSON, B.SC. 


A description of a special press for shaping heavy steel plates, the 
largest and most powerful of its type in Europe, at the Darlington 
works of Whessoe Ltd 


Application of electron microscopy Thin films and their 
use in metallurgy ADRIEN SAULNIER and PAUL MIRAND 

Direct examination under the electron :ucroscope of thin metal films 
has the advantage of making the diffraction and microdiffraction 
diagrams of the electrons correspond with the micrographic images. 
The technique of preparing very thin films has hitherto proved both 
long and difficult and could only be used in exceptional cases for 
alloys. A quick and simple method applicable to most metals and 
alloys is described 


Stress-relieving aluminium 


Sub-zero cooling followed by rapid reheating method 


Electrode materials j. L. ADCOCK, M.I.PROD.E 


This article forms part of the symposium held late last year at Bir 
mingham by the NADFS in collaboration with METAL TREATMENT 
The range of suitable materials available for machining electrodes are 
surveyed and their relative merits in respect of cutting properties and 
low wastage considered 


Heat treatment at Babcock & Wilcox Ltd. 


Description of plant for treating drums, pipes, tubes and manifolds 


Television tube and valve manufacture Lancashire plants 
of Mullards Ltd. 


Stainless steels 
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Get the name right 
for Controlled 
gas Carburising... 
































Minimum carburising time, fastest production rates and fill 
control—these are the advantages of the Wild-Barfield Gen 
The benefit of many years’ 

bh 





tality 
Gas and * Carbodrip’ methods 
ur disposal when you write to us for advice on 
gas carburising can give vou a better product more efficiently 


research Is at 


ATFORD 26091 (8 
Ww 


FPHONE 


FORD 





WILD-BARFIELD ELECTRIC FURNACES LIMITED 
T HER PL ‘ 
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Competition 


T is an observable fact that a measure of competition is necessary in all things if 

stagnation is to be avoided. There can be little doubt that the increasing threat of 

foreign exports during recent years has stimulated our own industries to initiate 
changes in production methods which might otherwise have remained only dreams. An 
excellent example of this is in steelmaking, where the supremacy of the open-hearth 
furnace was scarcely challenged in this country until the pressure of continental production 
insisted on notice being taken of the newer oxygen processes. 


All this can be seen as a sign of healthy life, but it also follows that all branches of industry 
must regard themselves as committed to the struggle. Certainly, there is no room for a 
complacent reliance on an assured future on the basis of past achievements. An industry 
investing much money and resources in research and development may weil start expand- 
ing and suddenly appear as a competitor in new fields. 


An example of this in action, of particular interest to the drop-forging industry, was 
demonstrated at the recent Engineering Materials and Design Exhibition at Earls Court, 
London. A collection of over 50 outstanding castings, selected from firms throughout 
Britain by the British Steel Founders’ Association, were displayed. The intention was 
to show designers how steel castings have actually replaced components previously 
fabricated or forged at a saving in cost or weight and reduced maintenance. This im- 
pressive display clearly showed the formidable progress made in castings in recent years, 
and suggests that a study of the industry’s research and development activities might 
well be a worth-while safeguard. 


This jockeying for position is by no means confined to alternative processes but applies 
with equal force to alternative materials. In the U.S.A., the du Pont company is chal- 
lenging metals with its most recent plastic which it recommends as a substitute for metal 
die-castings. It is claimed that 75°, of the market for the new plastic, ‘ Delrin,’ will be 
in fields now supplied by steel, brass, aluminium and zinc. It is already replacing brass 
in water taps, being used for motor car door handles and is even in one application replac- 
ing spring steel. Another use for plastics is being suggested by Esso Research and 
Engineering. Pipes made of glass-reinforced plastic are under development for oil and 
gas use; they will cost more than steel pipes but lower installation costs and greater 
resistance to corrosion are believed to offset the difference. 


Among the metals, aluminium as a relative newcomer is the most aggressive. Competition 
between aluminium and steel will probably be very limited for many years owing to the 
great difference in price, although considerable invasion of the canning industry is possible 
in the near future. In the U.S.A., use of aluminium in motor cars increased from 5 Ib. 
per car in 1955 to 56 lb. by 1959, and a further increase to 250 Ib. per car is speculated 
for 1970. The use of aluminium in the engine of the Chevrolet small car is a major 
invasion of that field. 


The traditional metals, copper, nickel, lead, tin and zinc, are all striving to maintain their 
positions in the face of aluminium expansion. In the electrical field aluminium-covered 
cable is gaining ground on copper, while extrusion sheathing of cable with aluminium 
seems a possible alternative to lead. In this connection it is interesting to note that the 
Aluminium Company of America has recently bought two wire-making plants with the 
intention of converting them from copper to aluminium. 


Whatever the outcome in any particular instance of competition between processes and 
materials it seems certain that the future pattern will be a dynamic one. Like Alice in 
Looking Glass World we have to run faster and faster to stay in the same place. 
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Giant dies for hot forging 


E. G. DONALDSON, B.Sc. 


A special press for shaping heavy steel plates, the largest and most powerful of its 
type in Europe, has been in use since 1957 at the Darlington works of Whessoe 
Ltd. It has been used for the forming of plates for spherical pressure vessels 
required for nuclear power stations as well as other applications. The plates for 
the pressure reactor vessel at London’s first nuclear power station at Bradwell, 
Essex, were shaped on this press, as were the plates for the reactor pressure vessel 
now under construction at Latina, Italy The author is with the International 
Meehamite Metal Co. Ltd. 


WHESSOE LTD., one of the eight member companies __ of the furnace on four arms. These arms are then 
of the Nuclear Power Plant Co. Ltd., has had the dropped and withdrawn. The plate is carefully 
task of fabricating large reactor vessels. Nuclear heated up to temperatures approaching 1,000°C. 
power stations call for curved plates of exceptional When the desired temperature is obtained, the 
size, thickness and strength, and the press installed charging machine arms lift the plate from the 


at the Darlington works is able to shape the largest hearth and draw it on to the machine. The machine 
plates which the British steel industry can now’ then returns on its track until the hot plate is 
produce, with a substantial margin for future located centrally with the press blocks. The plate 
development. The press and auxiliary plant at an is then lifted clear of the machine by means of the 
expenditure of £500,000 has placed Britain in the ejector rams in the base of the press so that the 
forefront of the race for nuclear power station machine can be complet vithdrawn. The press 
orders from overseas countries. The plates for the 

two spherical reactor vessels at Bradwell, which are 4 7), 4 5¢ p shaping steel glans wp 0 4 te 
66 ft. 6 in. in internal diameter, vary in thickness = shjck at treme , ( 


from 3 in. to 4 in., and weigh up to 8 tons each. 


Plant layout 

The press, which was specially designed and 
built by Fielding & Platt Ltd., of Gloucester, has 
an unusually long upward stroke, exerting a pressure 
of 4,500 tons. It is operated hydraulically, and has 
automatic controls. Fig. | shows a general view of 
the press. 

Erected in a common longitudinal line with the 
press are the other necessary items of equipment. 
On one side there is the plate-heating furnace 
designed and made by Gibbons Bros. Ltd., of 
Dudley, which is capable of heating 20-ton plates 
to over 1,000 C. by town’s gas firing. On the 
other side of the press there is the charging machine, 
again specially designed and built by the same 
company. 


Operation 

The charging machine (fig. 2) 1s loaded with the 
plate to be pressed while stationed outside the 
press. The plate is passed by the charging 
machine through the press and into the open door 
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table and the bottom block bearing the steel plate 
are raised up to the top stationary block and 
pressure is applied. The bottom block and plate 
are then lowered and the plate left on the block 
until cooled. When the plate is cool enough to 
retain its shape, it is once more lifted by the ejector 
rams. Then the charging machine carries a special 
cradle under the plate which is lowered on to this 
cradle and withdrawn. 


Selection of die material 

The dies used in this hot-forming operation must 
be particularly stable and strong at the operating 
temperature. The temperature of the bottom 
block is estimated to reach 800°C., and the block 
is soaked for a considerable period around this 


3 Close-up of smaller die set showing 
details of construction. The bottom 
die is composed of iwo separate cast- 
ings The clay-thickness method of 
checking clearances is shown by the 
lumps of clay on this die 
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temperature. The dies must, therefore, be suffi- 
ciently strong at this temperature to withstand the 
applied stress, and they must be able to withstand 
the thermal shock and the thermal gradients 
developed during repeated usage. 

The metal selected for these dies was Meehanite 
Type GC, an unalloyed ferrous-cast material with 
a minimum tensile strength of 18 ton/sq. in., and 
a compression strength of 70 ton/sq. in. This 
relatively inexpensive material is in this application 
withstanding repeated punishment in loading and 
thermal stresses which few other materials could 
endure. As a cast-to-form die, requiring no ma- 
chining on the working face, the economies in its 
use are considerable. Clyde Tubes Ltd. have been 
using hot-forging dies in Type GM Mechanite for 





a 
; 


2 Detail of the dies with charging 
machine visible in background, and 
set of smaller dies on the left 
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4 The size of the castings may be 
seen from the man’s figure in back- 
ground. The foundations for the press 
required 2,400 tons of clay and silt te 
be removed for an excavation 45 ft 


deep 


many years for forging { in. wall tube at tempera- 
tures of 750-850°C. in a 1,000-ton press. These 
castings produced by Cameron & Robertson Ltd. 
have given excellent service, and have replaced 
alloy steel dies. 

All the blocks used by Whessoe Ltd. were pro- 
duced by G. M. Hay, of Glasgow, who specialize 
in large castings up to 40 tons in weight. The 
larger dies have been cast in sections. The blocks 
used for the Bradwell reactor plates with overall 
dimensions of 21 ft. by 8 ft. were cast in three 
sections ; that is, the top block is composed of three 
sections and so 1s the bottom block. Together 
they total about 72 tons. The method of assembly 
is visible in fig. 2. The castings were sound and 
possessed good surface finish, casting section vary- 
ing from 4 to 6 in. 


Die performance 

One significant fact is that these die blocks are 
not machined on the working surfaces. They are 
fettled and cleaned up by the foundry, and checked 
for accuracy on the press by the clay thickness 
method as shown in fig. 3. 
chipping and grinding was required on high spots, 
but after arranging for expansion allowances at the 
joints the final rectification was obtained by 
accurate machining of the bases of the dies where 
they are bolted down on to the press table. Fig. 4 
shows an all-round view of the assembly and gives 
an idea of the size of these castings. 

The first set of the cast-to-shape die blocks are 
still in service, having pressed 600 plates. Per- 
formance is considered entirely satisfactory. Shortly 
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after start of use, cracks appeared around the edges 
of the ejector ram ports on the bottom block. 
n stopped. They 


These travelled slightly, and 1 
rmance, and it would 


have had no effect on perfor 
appear that the cracks are primarily due to stress 
dg« the ports which can 


concentrations at the 
be prevented by sign modifications. 
razing on either the 
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Kelvin Hughes and Curtiss-Wright agreement 
An agreement uded between Kelvin & 
Hughes Ltd Wright Corp. of America 
for the ex< f facture and sell the non- 
destructive testing [ it of the other partner 
This includ t r the inspection and measure- 
ment of mater 1ent employing ultrasonic 
techniques 

The agreeme 





certain defined territories 
Kelvin Hug epresent both interests in the U.K., 
the Commonwea!t! xcept Canada) and Europe, and 
Curtiss-W righ t U.S.A. and Northern America 
Each party ve agreement will offer full sales and 
service tacit 


joint range of equipment 


School for welders 


More than 800 w 
Overseas, pass t 


students, many of them from 

[ 1rough the welding schooi of British 
Oxygen Gases Ltd. at Cricklewood, London, each year 
Forming part of the company’s sales technical service 
department, it is the largest of several welding schools 
operated by British Oxygen Gases. It can train 48 
students xy-acetylene processes and 12 in Argonarc 
welding at any one time 








in « 





Courses range from two weeks’ oxy-acetylene welding 
instruction on light-gauge sheet and tube, to a general 
and maintenance syllabus lasting up to eight weeks. 
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Application of electron microscopy 


Thin films and their use in metallurgy 


ADRIEN SAULNIER ann PAUL MIRAND 


Direct examination under the electron microscope of thin metal films has the 
advantage of making the diffraction and microdiffraction diagrams of the electrons 
correspond with the micrographic images. However, the technique of preparing 
very thin films has proved both long and difficult. Moreover, it could only be 
used in exceptional cases for alloys, and it did, in fact, remain the special province 
of highly specialized laboratories. The authors, of the Research and Physical Test 
Laboratory of the Pechiney Company at Chambéry, have developed a quick and 
simple method, applicable to most metals and alloys. They reported their work in 
‘ La Revue de Il’ Aluminium,’ June, 1959, and have specially revised this account in 
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English for METAL TREATMENT 


SIMPLE ENUMERATION of some of the metals, such 
as germanium, silicon, titanium, zirconium, ura- 
nium, tantalum, beryllium, and niobium, which 
will now constitute an appreciable part, along with 
their many alloys, in the tonnage and business 
turnover of metal products, will give an idea of 
the complexity of the problems which are set to 
works and laboratories in the development of tech- 
niques in the field of electronics, aircraft, missiles, 
astronautics and nuclear power. In order to re- 
spond to these new requirements, empiricism, which 
still remains in some of the older works, is having 
to give way to a more scientific conception of 
planned metallurgy. Metallurgical physicists have 
formed themselves into schools and their co- 
ordinated work is beginning to bear fruit in the 
conception of fundamental phenomena. The study 
of oxidization, for example, has been completely 
revised and it will be possible in future to start 
from a scientific basis in determining the metals or 
alloys which are capable of showing the best be- 
haviour in the presence of gases at high tempera- 
tures. Experimental work still remains essential, 
but it is greatly lightened and speeded up by prior 
clearance of undergrowth which theory now makes 
possible. Similarly, as regards mechanical proper- 
ties, the dislocation theory and the vacancies theory 
provide solid bases for the development of new 
alloys or for the adaptation of standard alloys for 
use at high temperatures, under irradiation or in 
contact with special products. 

In order that the theories developed by the 


physicists may prove fertile, they must first run 
the gamut of the laboratories before penetrating 
progressively into the workshops. This important 
role of assimilating, adapting and checking, which 
falls on the industrial laboratories, means that their 
equipment has to be increased and that their 
methods have to be constantly improved. It is for 
that reason that, during the last ten years, more and 
more laboratories have installed electron micro- 
scopes. The benefit which has been gained from 
them is well known to the readers of this journal. 
Profound study of the fundamental part played by 
sub-microscopic precipitates and of the sequences 
of precipitation during structural hardening has 
enabled a solution to be found of problems of 
brittleness in parts during hot-working and also of 
wear of tools in certain kinds of delicate machining. 
The mechanism of sensitivity to inter-crystalline 
corrosion in other types of alloys has been elucidated 
and this has led to the development of de-sensitizing 
treatments or of inhibiting additions. In the case 
of new metals and alloys, a knowledge of the 
sequence of phases and of their morphology has 
greatly facilitated the choice of compositions and 
of heat treatments for specified purposes, and even 
the study under the electronic microscope of the 
standard modes of transformation, disproportionate 
as these may appear, a priori, in forging for instance, 
by comparison with the unit of measurement (of 
the order of 1), has not failed to have immediate 
repercussions on manufacturing methods. 

But hardly has the electron microscope proved its 
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1 Device for preparing thin 
metal films by electrolyti 
polishing 


(1) Electrolyte 

2) Electrolytic cell 

(3) Sample 

4) Backing piece of metal 
(5) Diaphragm 


usefulness by the results it gives than it finds itself 
already out of date in the face of new demands. 
It is no longer a question of being able to see 
clusters of a few hundred atoms but of studying 
reticular defects of atomic sizes, whether they be 
linear (dislocations) or point defects (vacancies), 
the fundamental role of which is now well estab- 
lished. Such defects are well outside the limit of 
resolution of the usual replica which is several 
tens of Angstroms (1 A. 10-* cm. 1» 10-7 mm. 
The aluminium lattice parameter is 4-04 A.). They 
are even beyond the resolving power of the best 
electron microscopes (8-10 A.), but experiments, 
and later calculation, have shown that they can be 
made visible by secondary effects which are pro- 
duced during the transit of the electronic beam 
through the crystalline specimen. 

Great interest is therefore attached to the pre- 
paration of thin metallic films transparent to elec- 
trons, directly observable in the microscope. It 
will be seen later that these metallic preparations 
also allow of diffraction diagrams being recorded, 
and, consequently, of structures being analysed, 
thus bringing an inestimable help to interpretation, 
which previously relied solely on morphology for 
the replica images. 


Methods of preparing thin metallic films 

In order to be transparent to electrons, the 
metal films must be prepared with a thickness not 
exceeding a few hundred Angstréms, that is to say, 
a few hundredths of a micron. Metal films comply- 
ing with this condition have been made during 
recent years by evaporation in vacuum, by solidi- 
fication from the liquid state or by electrolytic 
solution followed by ionic bombardment. 

The evaporation method (Germer, Goldstaub 
and Michel, Trillat, Pashley and others) produces 
thin films of which the chief difficulty is that they 

sess properties noticeably different from those 
of the bulk metals. For instance, it would be an 
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2 Diffraction of electrons by a family of P planes with a reticular distance 
d parallel to the electron beam and perpendicular to the plane of the diagram 


illusion to take the behaviour of such films during 
heat treatment as being similar to that of industrial 
products, since the evolutions are much more rapid 
in the thin films, and, even probably, of a different 
nature. 

The preparation of thin films starting from the 
liquid state, with the help of an ingenious device 
Takahashi), has produced results in so far as eutec- 
tics are concerned. But it cannot be used in a 
general way, as there would be a danger of coming 
up against a similar difficulty as that encountered 
in the evaporation method. 

Electrolytic solution (Heidenreich) followed by 
ionic bombardment Castaing) is much preferable 
since it allows of thin films being prepared from 
objects which have previously been heat treated in 
the mass. Unfortunately, it is very long and 


necessitates complex apparatus and delicate hand- 
ling. 
As a matter of fact, though these methods have 


been usefully employed in the research field,* they 
are not adapted to the needs of works’ laboratories, 
owing to their limitations, to their lack of general 
applicability and to the difficulties in carrying 
them out, for the works have to apply their tests 
and their controls to very large systematic pro- 
grammes, involving complex alloys and a great 
number of specimens 

A new method (1957) developed by the research 
department of the Compagnie Pechiney, at Cham- 
béry, allows of quick preparation of specimens of 
a thickness suitable for electron micrography, 
starting from the mass metal or alloy, without the 
troublesome preferential dissolution of the phases 
present, and without mechanical or thermal upset, 
and this is done by using only the apparatus nor- 
mally used for electrolytic polishing, which most 
metallurgical laboratories already have. , 

The first stage of preparation is mechanical 
reduction to a thickness of a few hundreds of a 
millimetre, care being taken to avoid severe cold- 
working and excessive heating. This technique is 


*Cf. J. Inst. Met., August, 1959, Hirsch, Metallurgical 
Reviews, 1959, 4, 14 
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3 Section parallel to the faces of the hexagonal prism 10f0 
of the reciprocal lattice of x titamium. This section forms 
the theoretical diffraction diagram and should be compared 
to the actual diffraction pattern in fig. 7 


well known, seeing that it is used in micro-radio- 
graphy. The prepared specimen is then placed at 
the anode of an automatic electrolytic polishing 
apparatus, being fixed on a diagram of about 5 mm. 
dia. against which it is held by means of a metal 
counterweight (fig. 1). The electrolyte is the one 
which is normally used for polishing the metal or 
alloy in question. Two or three alternating polish- 
ings of 5-10 sec. each are made on each face of the 
specimen to reduce its thickness and to remove 
the surface layers work-hardened by the mechanical 
thickness reducing process. Then a final polishing 
is done for a longer period of 20 sec., during which 
the specimen is pierced whilst some small fragments 
are carried by the electrolyte into the tank. These 
fragments are collected and washed in the usual 
manner. They have a thickness of a few hundred 
Angstréms and are sufficiently regular over surfaces 
of many tens of microns. They give good elec- 
tronic images. 

The contrast of these images is due, not to excess 
thickness on the specimen, as is the case with 
replica images, but mainly to the fact that the 
different areas diffract the electrons in a different 
manner according to their crystalline network, 
their orientation, etc. 

In the case of micrographic examination, the 
diffracted rays are cut out by a diaphragm. An 
area of the specimen, which has caused an intense 
diffraction, will then be characterized by a lack of 
light, that is to say, by a clear space on the photo- 
graphic plate. But in the present electronic micro- 
scopes it is equally possible, by cutting out the lens 
diaphragm, to record the diffraction pattern pro- 
duced by the passage of the electrons through the 
crystalline network of the specimen. 

A metal section, thinned down by the above- 
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mentioned method, and placed under the micro- 
scope, allows of the successive recording of images 
to the desired magnification and of the correspond- 
ing diffraction pattern. Image and pattern are 
closely complementary, since contrast in the image 
is precisely tied up with diffraction. 


Electron diffraction 

Diffraction of electrons by crystalline gratings 
shows considerable analogy with diffraction by 
X-rays. Fig. 2 shows the diffraction of a pencil 
beam by a set of planes P, with a reticular distance d 
and perpendicular to the image plane. One can 
imagine that this phenomenon can be represented 
by saying that there is selective reflection for an 
angle 6, determined by the equation 

; 2d sin 6 1) 
» being the wavelength associated with the electron 
beam. 

However, diffraction of electrons is characterized 
by extremely low values of wavelengths 7, which, 
according to equation (1), means that the angles 
are also very small. With L as the distance between 
the object and the photographic plate and R the 
distance OB between the centre of the negative 
and the diffraction spot (fig. 2), we can write: 


>” 


kL. 
(Note.—?. is given by the De Broglie formula 
150 
»=A/ —— with necessary correction for relativity, 
V 


V being the acceleration voltage. When V = 100 kV. 

we get »—0-035 A. To give a comparison, the 

wavelength of Kz rays of copper is equal to 1-54 A.) 
R 


Equation (1) then becomes > d—, or again, 


R = k- 2) 
d 
in which & is an experimental constant which will 
be known as the ‘ enlargement factor.’ 

Then, the distance R from a diffraction spot to 
the centre of the print is inversely proportional to 
the reticular distance d of the diffracting planes. 

Then again, when 4 is very small, only the 
reticular planes which are practically parallel to 
the electronic beam, can give diffraction spots. 
It can also be deduced from this that the segment 
OB is perpendicular to the system of diffracting 
planes. 

In short, the diffraction image B of a set of 
planes P, with a reticular distance d, parallel to 
the electronic pencil-beam, is built up by taking a 
segment OB, starting from a point of origin O 
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4 Generalized 
b) T: 2 Cu 


diffraction of thinned specimens (a 1 


centre of print), perpendicular to the planes P 
l 


and of length OB k-, 
d 


k being an experimental 


constant. 

The preceding build-up can be generalized: by 
the term ‘ reciprocal network ’ is meant, for a given 
actual network, a network constructed by taking 
from a point of origin O perpendiculars to the 
various sets of reticular planes of the real network 
and by marking off, on these perpendiculars, seg- 
ments inversely equal to the reticular distances of 
the corresponding planes. 

From what has been said above the two funda 
mental properties of the reciprocal lattice are as 
follows 
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treated 21 days at 350°C. 
1.000, reduced to 75,000 


1) Each node of the reciprocal network repre- 
sents a set of planes of the real network. 

2) The diffraction patterns form 
plane sections of the reciprocal network, per- 
pendicular to the direction of the electron beam 
and enlarged by the factor &. In our experiments 
on microdiffraction, factor k was equal to 42 x 10~’, 
which means to say that the microdiffraction pat- 
terms, reproduced in this paper, represent plane 
sections of the reciprocal lattices enlarged 420 
million times 

Metals generally have simple lattices, cubic or 
hexagonal. Construction of the reciprocal lattice 
presents no difficulty. It is shown that the reci- 
procal lattice of a face-centred cubic lattice with a 
parameter a, is a Cubic-centred lattice with a para- 

) 


‘(lectron; 
ACULI OLY 


meter of — (and vice versa). 
d 


The reciprocal lattice of 
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0001) 
90,000 


quenched from 900°C. Section 
75,000, reduced from 


7 T1-Al6 Section (0110 Micro-diffraction 


a hexagonal lattice is a hexagonal lattice. Fig. 3 
shows, as an example, a section parallel to the 
faces of the hexagonal prism (index 0110) in an 
x. titanium reciprocal lattice. The different nodes 
of this reciprocal lattice are indexed as a function 
of the systems of reticular planes which they repre- 
sent and it will be seen that this theoretical pattern 
coincides exactly with the pattern actually recorded 
by diffraction of the electrons, as shown on fig. 7. 


APPLICATIONS 
Generalized diffraction pattern 

It is evidently possible to record from specimens, 
thinned by the method we have described, general 
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8 Ti-Al 15 Section (0110 


Spots 


Additional superstructure 


9 Cu-Be 2 
Section (001 


Quenched and heat ircated 24 h. at 190°C 
Diffusion streaks parallel to — 001 


electronic diffraction diagrams, that is to say, based 
on a large number of microcrystals. These patterns 
are ring-shaped, as in the X-ray diagrams of Debye- 
Scherrer, and they supply information of the same 
kind on the structure and orientation of the phases 
in question. Figs. 4 (a) and 4 (6) give two examples 
of this application, to pure aluminium in the one 
instance (this print serving as a standard for the 
determination of the diffraction constants) and to a 
Ti-2°,, Cu alloy in the other instance. 


However, it is quite easy to obtain, with modern 
microscopes, microbeams, and to examine, both by 
micrography and by microdiffraction, areas with 
a diameter of the order of the micron. As the 
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12 Single f 1],M nstituent in a cast Al-Mg 
15 al 


10 Cu-Be 2 Quenched and heat treated 1 h. 30 mir 
at 190 C. Precipitates 100 A. size (beginning of hardening - 
75,000, reduced from ~ 80,000 13 BELOV ituent. Section (110) 


11 BELOW Cu-Be 2 4+ transformation after 
quenching and ageing 
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14 High resolution micrograph of a 4-Al,Mg, constituent 
Lattice planes (220). 2,100,000 


dimensions of crystals of a polycrystal aggregate 
are generally larger than the micron, it is apparent 
that this technique will make it possible to study 
monocrystals. This is the most interesting, as it is 
also the most difficult, avenue for electronic micro- 
graphy and it is in this direction that efforts are 
now being made to develop, and it is to this that 
the following examples will refer. 


Aluminium-copper alloys 

In an Al-Cu alloy supersaturated after quench- 
ing, reheating produces precipitation of the 6” 
phase or of the 6 phase, according to the tem- 
perature and length of the heat treatment. 

Castaing has shown that these phases can be 
made evident in micrographs of thin sections and 
that diffraction patterns of electrons contribute 
valuable support in the study of structural harden- 
ing. For the purpose of cross-checking between 
these methods a high-purity Al-Cu (4°,,) alloy was 
quenched at 525°C. and then heated for 21 days 
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‘- 
15 Al-Mg 10 


Quenched and heat treated 1 month ai 


120°C. Section (001 Precipitation of the % phase 

18,000, reduced to 10,000 
16 BELOW Al-Si 1:2 Quenched and aged 2 h. at 
room temperature. Precipitates of vacancies resulting in dis 
location loops 80,000, reduced to »~ 48,000 
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17 Al-Si 1-2 Quenched and aged 3 min. at 350 C 
Thin section of 3 grains. Precipitation of Si particles 
16,000, reduced to ~ 9,600 


at 150 C. (max. hardening). It was then thinned 
by means of the E2 bath of the Disa-electropol at 
a tension of 65 volts 

The micrograph, fig. 5, shows the 6 and some 
6” platelets. 


Titanium and its alloys 

Our method of thinning down has been applied 
up to now in many investigations into titanium 
and its alloys, for which the A3 bath is used at 
45 volts. Micrographs and microdiffractions of 
sections have enabled an interpretation being made 
of changes in mechanical characteristics recorded 
during annealing of cold-worked sheets, and of 
going deeper into the mechanisms of recovery and 
of recrystallization. It has been possible to show 
that it is recovery which is the fundamental process 
and that the idea of recrystallization, which depends 
to a large extent on the criterion used to define it, 
loses much of the significance which is usually 
attached to it. 

In a study of Ti-Al alloys it has been possible to 
link up the embrittlement, which appears when 
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18 Al-Mn 1 worked Section (O01). Sub- 
tructure in a mon ul of tl ha Some spherotdal 
Al,Mn constit led 40,000, reduced to « 24,000 
the aluminium content exceeds 8°,, with the 
appearance of a superstructure, that is to say, of an 


order (a category) between the atoms of titanium 
and the atoms of aluminium, in the solid « solution. 

The embrittling platelets, with a thickness of 
20-50 A., are identifiable by direct micrography 
fig. 6). The microdiffraction patterns allow of 
their structure and composition being defined. 
Fig. 7, for instance, shows the pattern of micro- 
diffraction of a non-brittle alloy. It is, indeed, a 
section (1010) of the disordered « solid solution 
which can be compared with the theoretical dia- 
gram of fig. 3). If the Al content increases, the 
alloy becomes brittle, at the same time as an order 
is set up between the titanium atoms and the 
aluminium atoms, which is shown by the appear- 
ance of supplementary spots in the diffraction 
pattern (fig. 8). Comparison of figs. 7 and 8 is 
made easier by the fact that the sections are in the 
same orientation. Here is to be found one of the 
fundamental advantages of this method of thinning 
down. Owing to the easiness of carrying it out, it 
allows of a quick examination being made of a 
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19 Fe-C 0-85 . Pearlite. 40,000, reduced to 24,000 


large number of specimens and of choosing from 
amongst them the sections which show an in- 
teresting orientation. 

Similarly, the method of thin films allows of 
identification being made of the phases which come 
into play in evolution to the solid state. For 
example, a titanium alloy with 15°,, vanadium and 
2-5°,, aluminium (T-V15A), was brought into the 
homogeneous beta phase by treatment at 845°C. 
and this beta phase quenched at room temperature. 
Reheating for 24 hours at 540 C. produced decom- 
position of the beta phase into fine platelets 
orientated in relation to the matrix, and the micro- 
diffraction pattern shows that this is phase alpha. 


Copper-2",, beryllium alloy 

Similarly to the aluminium-copper alloys, copper- 
beryllium alloys are susceptible to structural har- 
dening by precipitation of a sub-microscopic phase, 
which is described as y’, the equilibrium phase 
being y. But the structure of y’ and the mode of 
transformation y’->»y are very poorly known. 
Specimens of copper-beryllium alloy are easily 
thinned by means of the F2 bath (0-4A strength) 
and an investigation which was made has already 
made it possible to discover the fundamental 
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20 Beryilium—cold worked. Substructure and dislocations 
in a monocrystal 16,000, reduced to ~ 9,600 


characteristics of the evolution during reheating, 
the method of examination calling into service 
electron microbeams of the order of the micron 
It has already been stated that one of the basic 
advantages of the thin section technique is that it 
allows of easy study of monocrystals forming part 
of a polycrystalline assembly. Diffusion techniques 
(that is to say, diffraction outside the Bragg angles), 
developed by Guinier for X-rays and of which it 
is not necessary to recall the importance, are thus 
directly transposable in diffraction of electrons 
without it being necessary to prepare monocrystals 
specially. Fig. 9 shows a diagram taken from a 
specimen of Cu-Be 2°,, at the beginning of its har- 
dening. There can be recognized in it diffusion 
streaks parallel to the < 100 axis of the reciprocal 
lattice, which recall the diffusion streaks which 
Guinier recorded with X-rays in his study of 
structural hardening of Al-Cu 4°,, alloys. Electron 
micrography allows of simultaneous recording of 
the precipitates, which, in the present instance, 
have a size of only about 100 A. (fig. 10). The 
eutectoidal transformation of beta into alpha plus 

can also be followed and fig. 11 shows that alpha 
is developed in the form of polycrystal lamellae 
(which give rise to ring sections) whilst the remain- 
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ing & matrix is transformed into by simple 
passage from order to disorder, retaining its mono- 
crystalline aspect (point spots forming the square 
lattice (001) on fig. 11). 


Aluminium-magnesium alloys 

The structural evolution of these alloys, during 
prolonged holding at temperatures of the order of 
100 to 250°C., has been the subject of numerous 
investigations, which leave many problems in 
suspense. Since the work done by Lacombe, it is 
generally admitted that a precipitation takes place 
of one transitional phase, called %’, but the struc- 
ture and mechanism of formation of this phase are 
still unknown. The equilibrium phase, 2-Al,Mg., 
itself has long been described as hexagon with para- 
meters a~ 11-38 A.-c- 17-87 A., whereas nowa- 
days it is given a face-centred cubic structure with 
parameter a—28 Fig. 12 shows the direct 
micrograph of a monocrystal constituent, 6 in a 
cast Al-Mg 15°, alloy, thinned with an AC2 bath, 
at 65 volts. There will be noticed sub-grain 
boundaries and many structural faults, particularly 
stacking faults which are shown by fringe systems. 
These 4 constituents are, moreover, flecked by very 
fine pinpoints, of which the diameter is only about 
100 A. The microdiffraction patterns formed by 
these constituents, one of which is shown in 
fig. 13, correspond quite well to a face-centred 
cubic lattice of mesh a—28 A. The diffraction 
points are very close together owing to the large 
cell parameter (notice, in particular, the points in 
the region of the centre of the lattice). In addition, 
small rings can be seen, these being attributable to 
the aluminium lattice. All these observations taken 
together allow of a conclusion being drawn that the 
very small spots on the micrograph represent 
microdrops of aluminium, of 100 A. diameter, en- 
closed in the monocrystal We are therefore 
confronted not by the pure & phase, but by the 
eutectic Al-Al,Mg,, containing about 2-5", « phase. 
It is almost certain that no other actual laboratory 
method would have allowed of this result being 
recorded. 

High-resolution examination of the constituents 4, 
by the method developed by Menter, enables the 
reticular structure to be resolved as can be seen in 
fig. 14 where the reticular planes (220) are clearly 
seen. 

If we now thin down an Al-Mg 10°, alloy, 
quenched and reheated for one month at 120C., 
we can observe lamellae of precipitated phase 
fig. 15) and record their microdiffraction pattern. 
It is confirmed that there does really exist a 
phase different from the % phase, but these dia- 
grams are very complex and it has not been possible 
to obtain, up to now, definite indications of the 
structure of It is proposed to continue the 
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study of high-purity Al-Mg alloys but also to 
examine by the same method the influence of iron 
in commercial alloys, and especially of silicon, the 
fundamental role of which has been established, in 
other studies, in the mechanism of intercrystalline 
sensitivity to corrosion 


Al-Si alloy, 1°2° 

The authors have used the same method to 
study precipitation in Al-Si, 1-2°, alloys. After 
quenching at 570°C. and holding for 2 hours at 
the ambient temperature, the vacancies precipitate 
and form dislocation bands of approx. dia. 250 A. 
fig. 16). After ageing for 3 min. at 350°C., on 
the other hand, the silicon precipitates in very fine 
particles (fig. 17). 


Various constituents 

In addition to the main elements, various other 
elements in small proportions are generally added 
to alloys. These other elements give birth to 
constituents of which the structural analysis is 
difficult owing to their small volumetric importance. 
They can, however, be isolated and analysed with 
comparative ease by the thin section method. For 
instance, in Cu-Be 2",, alloys a few tenths of 1°, 
of nickel are added 

Monocrystals, less than |. in size, give a micro- 
diffraction pattern which can be perfectly identified 
as being that of a regular cubic phase of the Cs Cl 
type, with parameter 2°60 A. It is indeed of the 
Be-Ni phase, probably containing copper in solu- 
tion, from which it may be concluded that nickel 
fixes part of the beryllium 

In the same field of ideas the importance of 
small additions of chrome and manganese in light 
alloys is well known. The problem of identifying 
the constituents to which these elements give birth 
is an extremely complex one and, up to now, there 
is no measure of agreement on the subject of their 
structure. A systematic study of them has been 
undertaken. Fig. 18, for example, shows a con- 
stituent of about one-tenth of a micron in size in 
an Al-Mn |", alloy, and it has been possible to 
identify this as Al,Mn. On this same micrograph 
there will be noticed the subdivision of the grain 
into subgrains of about lu, separated by dis- 
location walls 


Steel, beryllium, uranium 

To conclude, we give some examples to demon- 
strate that the method can be applied to most 
metals and alloys. 

Fig. 19 is a micrograph of a thin film of an 0-85°,, 
carbon steel, and shows a pearlitic structure. 

Beryllium is a metal of increasing importance in 
the nuclear and missile fields. It can be thinned 


continued on page 102 
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Stress-relieving 
aluminium 


Cooling to sub-zero temperatures and reheating 
rapidly can introduce residual stresses opposite to 
those produced by conventional quenching. This is 
the basis of a new method of stress-relieving alu- 
minium parts of irregular shape which was described 
in ‘ Metal Progress,’ August, 1959, by H. N. Hill, 
R. S. Barker and L. A. Willey of Alcoa Research 
Laboratories, Aluminium Co. of America, New 
Kensington, Pa., U.S.A. 


A NEW WAY TO RELIEVE the residual stresses in 
quenched aluminium parts has been devised: 
Quenched parts are cooled to -320°F. in liquid 
nitrogen and then heated rapidly in a blast of 
steam. Since this technique is essentially the 
reverse of quenching (the parts are rapidly heated, 
rather than cooled, through an extensive tempera- 
ture range), stresses induced by previous quenching 
are reversed and largely cancelled out. Already 
effective with some forgings, this treatment is ex- 
pected to be useful for stress-relieving irregularly 
shaped parts that cannot be handled by other 
methods. 


Problems in conventional stress-relieving 

Many commercial aluminium alloys attain their 
strength through heat treatment. While the specific 
treatment depends on the alloy, the part is usually 
quenched in water from about 500°C. Stresses 
occur because the surface cools faster than the 
centre, and temperature gradients spread through- 
out the part. When the bath temperature is finally 
reached, these gradients vanish, but on disappearing 
they set up a system of residual stresses. Usually, 
the surface is in compression and the centre is in 
tension. Stress magnitudes vary with alloy and 
severity of quench. Solution treatment is generally 
followed by precipitation hardening or ageing at 
120-230°C. This treatment further enhances the 
strength but has no significant effect on the residual 
stresses. 

For many applications the stresses resulting from 
heat treatment are harmless. However, when a 
heat-treated part is machined, removal of metal 
disturbs the original stress balance and a new 
balanced system must be set up. When this 
happens the part usually warps. Since this can be 
a serious problem, material with a low level of 
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residual stress must be supplied if it is to be 
machined later. 

Residual stresses can be relieved by heating or 
by mechanical deformation. However, heating is 
not practical for heat-treated alloys because tem- 
peratures high enough to relieve stresses lower the 
strength. Parts not suited to stretching, such as 
hand forgings and some die forgings, can be com- 
pressed. Stretching and compressing have some 
minor effects on mechanical properties. In irregu- 
larly-shaped parts where these methods are im- 
practical, there was need for a method of relieving 
residual quenching stresses, preferably one that 
would have no detrimental effect on mechanical 
properties. 


Principle of ‘ uphill quenching ’ 

It was reasoned that, since residual quenching 
stresses result from thermal gradients introduced 
when the part is being cooled, it should be possible 
to produce opposing residual stresses by heating a 
cold piece rapidly. In other words, an ‘ uphill 
quench’ was needed. Residual stresses thus de- 
veloped should counteract and cancel the quenching 
stresses. To be effective, such a ‘ quench’ would 
have to produce temperature gradients large 
enough to cause local plastic deformations. Further- 
more, temperatures should not be high enough to 
affect properties. These requirements suggest 
cooling to a sub-zero temperature and reheating 
rapidly. 

The method developed involves an ‘ uphill 
quench’ of such severity and applied under such 
conditions as to result in considerable reduction 
in residual stresses, with no effect on mechanical 
properties. It has been labelled ‘ thermomechani- 
cal’ to connote that, while the treatment is thermal, 
the relief of residual stresses comes through 
mechanical plastic deformation. 


The procedure is as follows: 

1. After quenching, and before appreciable pre- 
cipitation hardening has occurred, cool the part to 
a very low temperature. 

2. Remove part from the cooling medium and 
immediately blast all surfaces with steam at high 
velocity. 

3. Age the part as prescribed for the specific 
alloy. 

This treatment has lowered the level of residual 
stress in aluminium parts more than 80°/, without 
changing properties significantly. 


Experimental work 

Samples of 2014 and 7075 aluminium alloy plate 
were quenched from the solution heat treatment 
temperature, cooled to sub-zero temperatures and 
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rapidly reheated. Best results occurred when the 
specimens were blasted with steam directly from 
the -320°F. of liquid nitrogen. Residual stresses 
were determined by measuring the changes in 
length and curvature which occurred when the 
alloy plate samples were sectioned. 

Cooling to 000°C. followed by rapid reheating 
with steam resulted in a reduction in stress level of 
about 50° Greater reductions were obtained 
with lower temperatures. The maximum tempera- 
ture difference between surface and centre increases 
as the cooling temperature is lowered. 

Boiling water immersions or hot water jets were 
not adequate for ‘ uphill quenching.’ Only the 
steam blast reduced residual stress to the desired 
degree. Two features of the steam blast help to 
attain the required high heating rate—the heat of 
condensation of the steam, and the blast which 
removes the condensate from the surface of the 
part being treated. 

The effectiveness of the steam blast was influ- 
enced by the temperature to which the part was 
cooled. The reduction in residual stress was 
greater when the 2014 samples were cooled to 
~320°F. than when cooled to -100 F. When re- 
heated by immersion in boiling water, however, 
the maximum temperature difference between sur- 
face and centre and the reduction in residual 
stress range were the same, whether the sample 
was cooled to —320 or to -100°F. In either instance 
the reduction in stress range was only about 20 


Yield strength 

For the ‘ uphill quench’ to be effective the 
thermal gradient must be great enough to produce 
local plastic deformation in the part. Thus, for a 
given thermal gradient, the effectiveness will 
depend on the yield strength of the material. 
For this reason the thermomechanical treatment 
must be applied before the yield strength has been 
raised by ageing. The treatment is ineffective if 
applied to a part in the T6 temper. Tests also 
showed that residual stresses could be induced in 
annealed material (in other words, material without 
residual stresses) by ‘ uphill quenching.’ 

It is evident that the thermomechanical treat- 
ment cannot be applied indiscriminately. It is 
intended only for those parts having appreciable 
residual stresses introduced by quenching. 

Recycling was ineffective; the same degree of 
stress-relief could be obtained with one ‘ uphill 
quench ’ as with five. Specimen thickness affected 
stress-relief in that the thicker material was relieved 
to a greater degree. Tensile tests showed that 


‘uphill quenching’ did not alter the mechanical 
properties significantly. 
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Application to die forging 


Though the laboratory work on plate samples 
had proved that the method would work, it re- 
mained to be demonstrated on a commercial part. 
Therefore, a 7075 alloy die forging was chosen on 
which stresses had been successfully reduced by 
compression. 

Although relief varied at different sections, 
Stresses were reduced considerably in all regions 
where they were high. When these results were 
compared to those obtained on an identical die 
forging which had been relieved by compression, 
stresses were found to be at the same low level. 

On the basis of this success, further work is 
being done to develop the treatment as a com- 
mercial procedure. 
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APPOINTMENTS 


Mr. D. N. Steeley has been appointed sales manager 
of Standard Industrial Motors at the G.E.C. Engineering 
Works, Birmingham. Mr. Steeley was educated at Repton 
and joined the General Electric Co. Ltd. as a student 
apprentice in 1949. He completed his national service 
with the Royal Navy in 1956 and reached the rank of 
lieutenant On his return to the company he was 
appointed an assistant branch engineer in London. 

Mr. G. Marchant has been appointed general manager 
of the Wolverhampton and Hednesford factories of the 
Fafnir Bearing Co. Ltd 
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Spark machining symposium 





Electrode materials 


J. L. ADCOCK, M.1.Prod.E. 


metal treatment 
and Drop Forging 


This article is the third of a sertes on spark machining. It forms part of the 
symposium held late last year at Birmingham by the NADFS in collaboration 


with METAL TREATMENT. 


The remaining papers, together with the author's 


synopsis and discussion, will appear in this journal bi-monthly. Mr. Adcock, 
chief engineer, Wickman Ltd., surveys the range of suitable materials avatlable 
for machining electrodes and considers their relative merits in respect of cutting 


properties and low wastage 


WHILE the pure electrical definition of ‘ electrode ’ 
can be applied to both tool and workpiece in the 
spark machining process, by common usage the 
term has come to be applied to the tool only. 
Because the actual production of electrodes is 
already acknowledged to be the largest single factor 
influencing the economics of the spark machining 
process, the choice of electrode material must be 
regarded as of equal importance and significance. 

There are a great number of materials which can 
and have been used for electrodes, since any 
material which will conduct electricity can function 
in this capacity to some degree; however, there is a 
wide difference in performance between these 
materials. It was thought in the early days of 
development that one particular material would 
be found to show universal superiority for elec- 
trodes and from the viewpoint of its metalworking 
capabilities this has been confirmed. The additional 
considerations which have arisen as a result of the 
exploitation of the process as a production tool, 
namely availability and cost, and ease of processing, 
have favoured the selection from several alterna- 
tives on occasion in order to secure the most suit- 
able for a given application. 

Developments in spark machining equipment 
during recent years have enabled very substantial 
improvements to be made in the surface finish 
obtainable, metal removal rates, and accuracy. 
In addition, electrode wastage has been markedly 
reduced and the employment of a wider variety of 
electrode materials made acceptable. These 
developments have brought about the situation 
where optimum requirements for the spark machin- 
ing operation itself can sometimes with advantage 
be subjugated to availability or cost of production 
in respect of the choice of electrode material. 

The primary qualities sought in an electrode 


material are that it shall cut the workpiece quickly 
and suffer the least loss itself while doing so. 
Direct comparison of cutting speed between various 
materials must be based on similar electrical power 
input during the cutting operations. Since some 
materials do not give similar results throughout the 
range of cutting powers generally employed, it is 
necessary to repeat comparative tests at various 
powers. 


Variables affecting electrode wastage 

In examining electrode wastage we are concerned 
with the ratio on a percentage by volume basis of 
material removed from the electrode compared with 
that removed from the workpiece, and affected by 
other variables than electrode material. The most 
important of these are:— 

(1) Rate of cutting. Generally the wastage ratio 
increases with cutting rate. 

(2) Cross-sectional area of electrode. Wastage 
ratio is reduced with increase of cross-sectional 
area. 

(3) Workpiece material. Sintered hardmetals 
induce considerably higher wastage ratio, and high 
alloy steels containing vanadium or molybdenum a 
somewhat higher ratio than more normal steels and 
Nimonic alloys. 

(4) Configuration of electrode. A form having 
slender projections or narrow sections will exhibit 
a higher wastage ratio than one of comparable 
cross-section which is more compact. Thus a star 
section will show more wastage than a circular 
section. 

(5) Depth. Deep cavities or long through forms 
will provide a higher electrode wastage ratio than 
shallow ones. The reason being the increased 
difficulty of debris removal and proper coverage of 
the operating zone with di-electric liquid, two 
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factors which interfere with the correct spark 
machining function. 

In our opinion the best material with regard to 
low wastage and fast cutting is a sintered composi- 
tion of tungsten and copper which provides this 
performance over a wide range of cutting powers. 
This material is also equally effective on all the 
normal workpiece materials including sintered 
carbides. Its more widespread use is hindered on 
account of its high price and the fact that it is only 
available in elementary forms such as round, 
square and rectangular section, of limited length 
The appropriate grades of the material are, however, 
readily machinable by orthodox metal-cutting 
methods and economy in its use can be achieved 
by brazing just sufficient length to provide the 
operative portion of the electrode to a shank of 
brass or steel. Use of this material is particularly 
attractive for the spark machining of intricate 
cavities such as coining or embossing dies where 
the sharpest possible impression is required. As 
production of such an electrode may involve 
intricate machining or expensive skilled engraving, 
the comparative cost of the electrode material 1s 
small; especially when employed in the form of a 
tip affixed to a shank of cheaper material. 

From here onwards compromise enters into the 
question of material selection even from the stand- 
point of cutting performance alone, so we will 
endeavour to include in the following appraisal of 
the commonly used materials, the attendant pro- 
perties which need to be considered along with 
each one in making the choice of material for a 
particular set of circumstances. 


Copper 


We would rate copper as the most important of 
these materials from a general selection point of 


view. It shows low wastage on all cutting power 
ranges, provides very good stock removal on coarser 
ranges, but does not retain the latter property very 
well on the fine ranges where brass can frequently 
show superiority in the matter of stock removal 
Copper is not sensitive to change of workpiece 


material and performs well on a wide variety of 


steel, Nimonic alloys or carbides. The best results 
are provided by copper in the annealed state. Small 
additions of other metals, such as arsenic in com- 
mercial sheet or tellurium in the free machining 
grade do not materially affect its performance. The 
somewhat higher content of beryllium which is 
added to give spring properties after heat treatment 
has been found to detract very considerably from 
its properties as a spark machining electrode. A 
34°, addition of cadmium has been claimed to 
provide an outstandingly good electrode, but our 
own experience does not substantiate this, for we 
have found this alloy to be inferior to commercial 
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copper both on stock removal and wastage ratio. 
Electro-deposited copper, particularly if produced 
from a fluoborate bath with periodic current 
reversal, provides a purity and grain structure which 
are excellent for our purpose Material thus 
obtained is relatively expensive, however, and 
economic use of this method is confined to small and 
intricate forms. A less expensive form of deposited 
copper which is effective as an electrode is obtained 
by metal spraying, though the porous nature of the 
deposit detracts from its physical strength so that 
use of this method should be confined to electrodes 
of robust configuration or the use of modest power 
during the spark machining operation; otherwise 
there is a danger of pieces of electrode material 
breaking away and spoiling the required impression. 
The merits of copper are not offset by unduly 
high cost, and by selection of the appropriate 
grade and knowledge of the correct technique it is 
amenable to all forms of manipulation including 
casting where this does not involve abrupt changes 
of section or much detail. The variety of standard 
shapes and sections available contribute to reduce 
costs where machining operations are involved. 


Brass 

Brass is considered f 
importance as a gX 
the last few years 
an electrode becau 


ow copper in order of 
rial and, indeed, up to 
ilmost universally used as 
teady cutting properties 


on a wide range of applied power and over the 
widest possible variety of workpiece materials. It 
does, howe, iffer trom a steeply increasing 
wastage rati the cutting power is increased, 


which has be reasing drawback as genera- 
tors have developed to provide increased stock 
removal rates previously indicated it can 
frequently surpass the stock removal rate of copper 
on low power settings and under these conditions its 
wastage ratio is very little inferior to copper. It is 
therefore often a first choice as a finishing electrode 
and its use on faster cutting rates is justified where 
wastage ratio Is not an important consideration. As 
in the Case of Copper, some improvement in wastage 
ratio can be gained by annealing. 

Although the name brass is given to a wide range 
of copper and zinc alloys, the main commercial 
grades fall into the 70.30 and the 60.40 copper to 
zinc percentage compositions. There is very little 
to choose in the matter of performance as an elec- 
trode between these two grades, and the 60.40 grade 
in addition to being cheaper than the higher copper 
content alloy, has a much greater commercial usage 
and is therefore more readily available. In the 
form of sheet and strip it is known as ‘ common 


brass ° and it also forms the basis for sand and die 
castings and hot forgings. With the addition of 
lead whereby free cutting and extru- 
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sion properties are improved, it still provides a 
satisfactory electrode material which is commer- 
cially available in a great variety of sizes and 
standard sections at moderate cost. 


Tungsten 

Tungsten must be considered as a material of 
some merit since it provides an extremely low 
wastage ratio over a wide range of applied cutting 
powers. Its stock removal rate is low, however, and 
it has the further disadvantage of high cost and the 
fact that its mechanical manipulation is confined to 
grinding on account of its hardness. In spite of 
these drawbacks it has its small sphere of usefulness 
as an electrode for apertures of small area, especially 
where they are comparatively deep. These two 
conditions are conducive to high electrode wastage 
which can frequently be reduced to an acceptable 
level by the use of tungsten. Its inherent stiffness 1s 
a useful quality in long and slender electrodes 
which are often required for this type of operation 
The use of tungsten is limited to small areas by 
cost and its low stock removal rate, and is, of course, 
also confined to near elementary shapes where little 
or no electrode machining is required. Tungsten 
should therefore be classed as a specialized electrode 
material. The foregoing remarks apply equally to 
tungsten carbide and selection between the two 
should be made on the basis of cost and availability 


Copper-graphite 

Mention should be made of copper-graphite 
mixtures as electrode materials, since they show 
good stock removal rates and a low wastage ratio. 
Their poor mechanical properties are a hindrance 
to their wider use, for they are not only likely to 
shed portions of their form, if it is of a delicate 
nature, during the spark machining operation but 
also, extra care must be exercised in the holding 
means employed to provide good electrical contact 
and yet at the same time to avoid distortion or 
fracture of the electrode shank. To utilize available 
elementary shapes of this material and produce 
electrodes by conventional machining is a messy 
undertaking frequently accompanied by frustration 
when a portion of a partly completed electrode 
breaks away under machining stress. The potential 
attraction of the material exists where repetitive 
operations warrant the provision of dies to produce 
copper graphite electrodes economically from the 
pre-sintered mixture 

Our own experience in the use of this material 
indicates that approximately 65°, copper and 35 


graphite yields the best results reckoned on per- 
formance only. Increase of copper content to 84 

provides a material which has the added attraction 
of being able to be reformed to a limited extent 
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after initial use and yet at the same time give a 
good cutting performance. 

Improvement in the mechanical properties of 
this material without detriment to the spark machin- 
ing qualities has been claimed for the addition of 
10°, cement to the mixture of copper and graphite. 
The three constituents must be very thoroughly 
dry mixed %o0 ensure even distribution and then 
brought to a paste-like consistency by the addition 
of water. The mould having been filled with this 
paste is subjected to a pressure of 6-10 ton sq. in 
to form a damp compact. The hardening of the 
cement bond takes the place of a subsequent 
sintering operation where this constituent is 
omitted 

Copper graphite can therefore be rated as worthy 
of consideration for continuously repetitive onera- 
tions where the form and size 1s such as to provide 
an electrode which is not fragile 


Cast iron 

Certain grades of cast iron have been found to 
provide an extremely low wastage ratio, but gener 
ally accompanied by poor stock removal rates. An 
exception to this occurred in our experience with 
one grade of Mechanite produced by one particular 
foundry, which gave good removal rate as well as 
low wastage particularly on the lower power 
settings. The same results were not obtained from 
an allegedly similar product from other foundries 
and neither chemical analysis nor foundry tech- 
nique could account for the difference in per 
formance. Cast irons generally, even if ordered to 
specification, we have found to give such a vari- 
ability in performance as to lead us to only recom- 
mend this material where a supply of suitable 
castings to the required form is available 


Aluminium 

In our view the foregoing enumerates the 
materials which have some degree of inherent 
merit as spark machining electrodes when reckoned 
on performance alone, but as previously indicated, 
it is expedient to consider some other materials 
which have an appeal to certain groups of trades 
by virtue of availability, or lend themselves to the 
extension of existing trade practice to include the 
additional use of spark machining. In this category 
appears aluminium, the use of which is naturally 
attractive to the trades concerned with its extrusion 
and casting on the score of ready availability at a 
low price. In the case of repeat or replacement dies 
the form required for the electrode is already in 
existence as a product in the two sections of the 
aluminium industry mentioned. Easy machining 
and the facility of chemical reduction by a caustic 
soda solution have also contributed to the increasing 
use of aluminium as an electrode material by the 
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sections of industry concerned with its manipula- 
tion. Its use provides high stock removal coupled 
with a fairly high wastage ratio on the coarser 
settings but on finer cutting ranges its performance 
is poor on both counts. It is not worthy of con- 
sideration for use with tungsten carbide workpieces 
as this combination provides a very high wastage 
ratio. Selection of electrode material from the 
considerable number of aluminium alloys is not 
critical in determining performance and since the 
use of this material is in nearly every case the 
result of attendant circumstances the particular 
alloy available will be used. 


Steel 

Steel may be used as an electrode both on ferrous 
and carbide workpieces; on high cutting powers its 
performance is very poor both on cutting speed and 
wastage ratio. On finer cutting ranges its wastage 
ratio is considerably reduced and approximates to 
that of brass while its stock removal rate is about 
half that of brass. 

For a finishing electrode which should be called 
upon to remove the minimum amount of material, 
this is not nearly such a serious drawback as it 
sounds. This slow removal rate is also accompanied 
by a better surface finish on the workpiece than 
would be given by a faster cutting electrode material, 
so that if we add the facts that it is easier to machine 
steel to close limits of accuracy than the alternative 
non-ferrous materials, and it can be held on 
magnetic devices for grinding, we must conclude 
that it has its place as a finishing electrode on 
accurate operations of comparatively small area. In 
producing press tool dies by spark machining the 
steel punch can frequently be made to include 
sufficient length to be used as the finishing electrode 
for the dic. This used end is then cut off, leaving 
the punch complete and unmarked. 


Zinc-base die castings 

With the improvements which have taken place 
in zinc-base die castings in recent years, allied to 
the more tolerant nature that spark machining 
equipments have developed towards electrode 
materials over a similar period, this material must 
be considered as a useful addition to the range. Its 
potential application divides into two main fields, 
the first of which is the use of available production 
die castings—which no longer consist of a metallic 
sponge surrounded by a skin of indeterminate 
thickness—to provide electrodes to produce further 
similar cavities; while the second is the use of the 
basic material as an easy casting medium. 

Interest in the first category is naturally confined 
to die-casting manufacturers and contract mould 


makers who work for them. The second method of 


usage, however, which envisages the material as an 
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offhand casting medium is of interest to a much 
wider variety of trades. In the first place the pro- 
duction of electrodes to repeat existing forms can 
be undertaken by using available steel dies or 
moulds and secondly casting moulds can be pre- 
pared of self-setting stone-like material such as 
plaster of paris or titanite. Even where a pattern of 
the requested component does not exist, the 
preparation of such a mould can be made by a 
combination of machining and hand methods in 
much less time than a comparable steel mould, 
particularly if the operation is undertaken before 
the mould material has set completely hard. 

The cutting performance of this material is very 
much inferior to brass or copper on all cutting 
ranges, but within these limitations it shows up 
best on higher cutting powers, where the wastage 
ratio can be expected to be about double that of 
copper coupled with a stock removal rate of two- 
thirds that of copper. On lesser cutting powers its 
relative performance degenerates to about three 
times the wastage ratio of copper with a stock 


removal rate of appr itely half. 
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of that, but the industry must be prepared to help 
itself. To use a popular and somewhat abused 


a 


*Spark erosion for industry’, E. Cooper, British Motor 
Corporation Ltd., will be published in METAL TREATMENT 
later this year 





1960 


much 
pro- 
s can 
*s Or 
pre- 
+h as 
‘rn of 
the 
by a 
ds in 
ould, 


efore 


very 
itting 
Ss up 
stage 
at of 
two- 
rs its 
three 
stock 


“man 
| that 
‘ange 
» for 
t the 
led a 
tries. 
ly to 
away 
rally 
were 
gh to 
pro- 
1ents 
ty of 
netal 
r no 


for a 
cular 
e of 
ufac- 
own 
nefit. 
forg- 
those 
con- 
roof 
help 
used 
Aotor 
MENT 


march, 1960 107 


phrase, industry must adopt a little ‘ do-it-yourself ’ 
in this technique, with the knowledge that for this 
process standard cutting tools applicable to a variety 
of jobs could not be ordered. Whilst the machine 
tool industry could help to a large extent by dis- 
cussions and advice, Mr. Adcock could not con- 
ceive an electrode manufacturing service ever being 
an economic possibility. 


DISCUSSION 

Mr. C. Burgess (Guest Keen & Nettlefolds 
Midlands) Ltd.) said that he felt hardly qualified 
to discuss this subject, as he had had very little 
experience with spark machining. His experience 
was limited to a few cold form heading dies, which 
constituted cheese-head or hexagon at a shallow 
depth. He had always used copper. Would Mr. 
Adcock confirm that copper was best for his 
purpose ? He had heard also that, at a cost, the 
electrode could have a chrome surface. The tools 
with which he had had experience had been for 
special purposes only. His problem at the time had 
been finding the capacity to make electrodes. He 
had not the use of the machine at present, although 
he might get it back later. He had attended with 
the object of gaining information. 

Mr. Adcock, replying, agreed that from that very 
brief description copper was the best method 
Mr. Burgess could use. A little gain might be ex- 
perienced by using brass for the finishing electrode, 
but for a comparatively straightforward job it would 
be better to complete the operation with copper 
all the way through. 

Mr. Adcock said that his experience with chrom- 
ing the surface of the electrode had not been happy. 
It had been tried many years ago, and it had been 
hoped that it might have proved worth while. It was 
not a practical dodge or manoeuvre in which to 
engage. He would be interested to hear if anyone 
had any results which would either substantiate or 
confirm that. 

Electrode-making capacity was a problem facing 
many firms. Method was also a problem. A com- 
bined effort must be made to tackle the problem. 
The only way in which it could be surmounted was 
by everyone sharing information and experience. 

Mr. H. A. Whiteley (Vaughan Bros. (Drop 
Forgings) Ltd.) said that, as a mere drop forger, he 
was in some trepidation about rising at such a 
meeting. Drop forgers’ thoughts throughout were 
that a No. 5 die steel or ordinary carbon dies were 
the limit to which they were going. That was 
entirely wrong, because with a new process such as 
spark machining thoughts should be turning to 
better die steels than the No. 5, which had been the 
only steel used in any quantity since about 1924. 
He was sorry to inform the visitors of that, but some 
of his friends had told him how behindhand the 
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drop forging industry was, and how with spark 
machining it would be possible in future to work to 
plus or minus } in. 

Mr. Adcock had spoken of the high price of 
tungsten copper sintered material, but had not said 
how high it was. Would Mr. Adcock tell the 
delegates in confidence, so that they could return 
and decide whether after all they would file it 
out of brass? The metallurgical field as applied to 
drop forging seemed to be due for considerable 
widening. Metallurgists had to know all about the 
various electrode materials, coupled with the 
possibility that there would be new steels contain- 
ing something more than carbon and nickel. 

Mr. Whiteley said that, before returning to the 
drop forging industry, he had had a fair amount of 
experience in casting. He had cast many small 
class 1 castings from patterns which were light- 
alloy drop forgings. What were the characteristics 
of cast materials for electrodes? Many delegates 
did not have the wonderful long runs of material 
to enable them to know. Their dies had to be 
one-offs or two-offs. His thoughts turned to his 
own possibilities of casting in brass or copper 
alloys patterns which would require the minimum of 
scraping or machining to make them into electrodes. 
Copper was stated to be quite a good material for 
electrodes. Had anybody tried casting the elec- 
trodes ? What was the effect of phosphor copper or 
the remaining small percentage of phosphorus which 
was left in copper when it was cast ? 

He agreed wholeheartedly with Mr. Adcock that 
it should be printed in large letters throughout the 
drop forging industry that, if the drop forgers 
wanted any advance, the industry must set out to 
help itself. 

Mr. Adcock said that it would be better for him 
to keep out of such domestic issues as better die 
steels. He supported Dr. Rudorff’s point that as 
die steels improved so the economics would turn 
towards spark machining. It was something that 
the industry as a whole possibly would do well to 
consider, because the best could not be obtained 
from spark machining the day after it was adopted. 
Although there was much more knowledge avail- 
able, it took at least a month to get down to a par- 
ticular field of technique and even then one could 
look forward to improving methods of production. 

Mr. Adcock said that he had left the price of 
sintered copper tungsten comparative to the other 
materials because, bearing in mind that he was 
speaking primarily to the drop forging industry, 
which in the main was concerned with compara- 
tively large pieces of material, he had felt that 
copper tungsten would be quite prohibitive as a 
general material. Therg would be delegates present 
with much more recent and accurate figures avail- 
able, but he recalled that a 4-in. dia. stick of the 
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material, 7 in. long, was about £4 15s. It was 
obtainable only in very elementary shapes, which 
was another barrier to which he had drawn attention 
in his paper. 

A delegate stated that the material cost {2 8s. for 
an 8-in. stick of 4-in. dia. 

Mr. Adcock stated that this meant that the 
industry was starting to use it and it was becoming 
cheaper. 

As regards spark machining, there was nothing 
against cast materials for electrodes. The usual 
barrier to their wider use was their accuracy and 
the fact that their skin was usually fairly poor. For 
a large roughing operation they were well worth 
considering, even if all sorts of knife and fork 
methods were adopted to produce a cheap one-off 
sand mould. They certainly reduced the amount of 
hand work to provide a satisfactory electrode 
Generally it was necessary to operate with more than 
one electrode, so they must be consistent in size. In 
other words, they were perfectly satisfactory if they 
could be made well enough. 

As regards phosphorus in copper castings, 
Mr. Adcock said that his firm had used cast copper 
electrodes on a number of occasions and any 
deleterious effect was not sufficient to be noticed 

Mr. R. A. Riley (Alfred Herbert Ltd.) asked if 
certain electrodes were more suitable for certain 
materials being machined, particularly in respect to 
tungsten carbide 

Mr. Adcock said that they were. Completely to 
enumerate the effects was an involved procedure, 
but most users of the process would agree that it 
was best to generalize in the effects on these pairs 
of materials Occasionally one came across a 
completely incompatible pair where the erosive 
effects were reversed. He knew 
those. When the user came across the first such 
case, he was driven into a ‘ flap,’ but having found 
that case he was looking out for such cases in future 
There were very few cases.» It was also possible to 
use similar materials for each of the pairs, which 
could very well be surprising. The only substances 
which were barred for tungsten carbide, from a 
purely usage point of view, were aluminium because 
it wasted so quickly and die cast metals for a 
similar reason All materials containing nickel 
were extremely poor for electrodes. 

Mr. Riley asked if there were any special elec 
trodes for tungsten carbide 

Mr. Adcock said that there were not. Sintered 
copper tungsten was undoubtedly the best material 
for tungsten carbide, but that was brought out in 
the paper as being general. 

Mr. T. Burnett (Firth-Derihon Stampings Ltd 


said that during Mr. Farley’s lecture the question of 


electrode designing where uneven wastage occurred 
had been raised. If a number of electrodes were 
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used instead of one specially designed to take care 
of uneven wastage, obviously they would be better 
off. From Mr. Adcock’s synopsis tt appeared that in 
order to obtain optimum results the electrode 
should be of different materials. Did Mr. Adcock 
think that the advantages of using the various 
materials compensated for the added expense of 
buying specific materials? Further, if the cavity 
to be sunk into the die could be divided into 
standard shapes would it be possible to use a 
composite electrode ? If so, what were the advan- 
tages and disadvantages ? 

Mr. Adcock, dealing with uneven wastage, said 
that he thought that Mr. Burnett was driving at an 
allowance to compensate for that. A hemispherical 
electrode had been mentioned during a previous 
discussion. That was a type of thing for which it 
would be very easy to compensate. He had stated 
that electrode wastages varied in different types of 
operations. Therefore, the procedure with that 
compensation would be to try one uncompensated 
electrode, determine the ratio of wastage on a 
particular machine and finish on which the job 
was to be used, lay out on squared paper an enlarged 
and add the proportionate amount in the 
form of a sphere. A compensated form for the piece 
would then be arrived at. Obviously that was 
worth while only if many operations had to be 
carried out. This was habitually done in arriving at 
corrected shapes. It frequently reduced the number 
of electrodes considerably, and on a _ particular 
contouring job enabled the required shape to be 

it this procedure, it 


section 


arrived at absolutely. To warr 
must be a highly repetitive operation. 

Mr. Burnett’s next point had been different 
materials on the same job, in other words the 
distinction between a roughing and a finishing 
electrode. If there was some advantage to be 


gained, as there was, and both materials were 
available and had to be made, it was no more 
difficult to make one out of another material. The 
deciding factors were what was available and 


how they were put out in the shop for manufacture 
From the purely spark machining viewpoint there 
was some advantage to be gained. In the section on 
steel finishing electrodes Mr. Adcock had pointed 
out that the aim of the intelligent operator should 
be to allow as little material as possible for the 
finishing electrode, which diminished any valve 
that the electrode might have per se as a finishing 
tool. That diminished also the need to change from 
one material to another. 

The use of the elemental electrode built up from 
standard sections was quite possible and highly 
practical. There might well be an extension of that 
system, particularly on the larger and larger forms 

Supplementing this answer, Mr. Adcock said 
that it was possible to assemble everything into a 
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composite electrode and do it in one operation. It 
added a little more to the tool making, but reduced 
the machining slightly. The internal conditions 
dictated which was cheaper. From the spark 
machining angle it was quite effective. Further, 
where there were incremental accurate movements 
built into a spark machine, a complex form could 
be produced by simply using elemental shapes and 
doing it sequentially. With the increase in cutting 
speeds, that became more and more possible. 
Indeed, it was now a probable way of going about 
these jobs. It came down to the eternal question 
that some good production engineers were needed 
on the process. 

Mr. O. Collins (Bloxwich Lock & Stamping Co.) 
asked for a ratio for the cutting speeds for the 
well-known electrode materials used, taking copper 
as 1-0, and also a ratio for surface finish, taking 
everything else as equal. 

Mr. Adcock said that it was not possible to do 
that off the cuff. He could prepare a paper which 
would go some way towards dealing with it exhaus- 
tively, but it was a huge subject. He had pointed 
out all the variables. He might be able to deal with 
a specific instance of the difference if it was in the 
form of a single question. 

Mr. O. Collins then asked for the ratio between 
copper and one other electrode material, for both 
removal rate and finish. 

Mr. Adcock, dealing with removal rates, said that 
much had been heard, and rightly so, about flushing, 
which was quite a problem. It was a problem which 
became more acute on the finer cutting ranges. 
Therefore, those would vary from range to range. 
Taking a generalized picture, it was possible to 
say that copper tungsten would probably be 1-2, 
taking copper as 1-0. Brass would be about 0-8. 
Aluminium could be as high as 1-0 on cutting, but 
would be about twice as high on wastage. 

Mr. Adcock stressed that this was not a very 
straightforward question to answer. Without 
taking a specific condition and material, he would 
rather not go into it any more deeply. 

Mr. R. Robinson (Clydesdale Stamping Co. Ltd.) 
said that his company was at present producing 
electrodes by cold pressing. The finished product 
was left in the cold work state. He asked whether 
that condition would have any serious effect upon 
the ultimate cutting properties of the finished 
electrode. 

Mr. Adcock said it would have no serious effect. 
He estimated the gain obtainable by annealing at 
about 5°, or less, mainly where there were pro- 
jections of small area. The gain stemmed from the 
fact that the annealed material was somewhat more 
ductile, and so the wear due to attrition was some- 
what minimized. It was, in effect, the old condition 
of the rifle bullet and the blanket. Unless it was a 
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very small area sharp-projection type of material 
it would not be worth while adding a further 
annealing process, with the ever-present trouble of 
introducing distortion in the cooling or during or 
after annealing. 

Mr. W. J. Overton (Northern Aluminium 
Company Ltd.) asked if it was a practical proposi- 
tion to use a forging from a forging die as a future 
electrode for re-sinking the die. 

Mr. Adcock said that in principle it was. In 
practice it was largely bound up with the shape of 
the impression, in other words if there was a big 
difference between maximum and minimum dia- 
meters. With a connecting rod there was a big 
ratio between length and width. For the spark 
machining process there was a constant annulus. 
In other words, a sum was being added all the way 
round to the electrode on the size of the impression, 
whereas with the die there was a variable shrinking 
allowance which was proportionate to that length 
width ratio. On a component of that sort of shape 
there would be a deviation by that shrinkage 
amount. If the tolerances allowed the variation to 
be accepted, that was the way to do it. There 
would be cases where the tolerances would not 
allow it. 

Mr. G. Elvins (Garringtons Ltd.), stating the 
hypothesis that increased cutting rates were a 
desirable feature for selling equipment and buying 
equipment, asked whether the present problems 
relating to materials for electrodes and the manu- 
facture of electrodes were likely to restrict an 
increase in cutting rates in the future. 

Mr. Adcock said that he did not think that there 
should be any restriction on cutting rates due to 
electrode materials. He saw no reason why the 
rate should not increase. It had been already 
brought out that metal removal was proportionate 
to an area. Therefore, the loading or duty on the 
electrode was very little different. From a particular 
point it was not being asked to do any more work. 
Mr. Adcock could see no logical limitation on 
materials. 

Mr. Elvins added that at present there was a 
problem in many equipments with regard to 
electrode wear which was related to cutting speeds. 
Was any increase in cutting speeds, which had a 
commercial value, likely to increase the problems 
with regard to electrode materials and manufacture ? 

Mr. Adcock agreed that if faster cutting rates 
were achieved more electrodes would be needed to 
do a similar job. The duty of manufacturers now 
was to concentrate their efforts, not on increasing 
rates, but on improving the ratio of surface finish 
at a given rate. When they could look forward to 
reducing electrode wastage, they could look forward 
to an almost constant annulus between roughing and 
finishing, but they might have to pay the penalty of 
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the operation taking a little longer. His view was 
that more than that would be recovered by saving 
the user from providing so many electrodes and 
making such a large allowance on his electrode 
size. The question raised by a previous delegate 
would then be more possible. 

Mr. D. Vale (Impregnated Diamond Products 
Ltd.) said that most of the queries he had wished 
to raise had been adequately answered in the very 
comprehensive discussion which had taken place. 
He wished to state that increased electrode wear 
with high stock removal rates had definitely not 
proved to be the case with the rotary impulse 
generator. He therefore felt that the point about 
needing more electrodes to produce a given cavity 
was far from the truth. 

Further, Mr. Adcock had mentioned that the 
zinc base alloys proved more effective on a heavier 
cut than on a finer cut. In his experience this was 
far from the case. On a finer cut they were, to all 
intents and purposes, equal to brass. It was only 
on a heavier capacity that any serious electrode 
wear was experienced. 

Mr. Adcock, replying to the first point, said that 
with due respect to a magnificent achievement 
when it was taken off the impulse generator, only 
half the job had been done. When the die was 
finished some electrodes were wasted. 
his previous remarks was that at present it was 
getting it from that stage to an acceptable stage for 
the forging die which was taking the time. 

Mr. Adcock pointed out that he and Mr. Vale 
might be at variance on the zinc base castings, 
because he did not know with what sort of generator 
Mr. Vale had used those 

Mr. Vale said that he had 
relaxation circuit. 

Mr. Adcock said that speaking on roughing his 
had not been with a relaxation circuit. With the 
time circuits the improvements to be gained on 
heavy impulses were very considerable. 

Mr. A. J. Lawrance (Kimber-Allen Ltd.) said 
that, while agreeing with many of the observations 


used them with a 


made by Mr. Adcock in his very detailed review of 


electrode materials, he found that his experience 
differed from Mr. Adcock’s in a number of respects. 
A possible explanation for that might be that 
Mr. Adcock’s data applied particularly to one make 


of machine and that variations in the circuits of 


machines gave differing qualities to the materials 
used for the electrodes. Mr. Lawrance’s experience 
was limited to the use of the relaxation circuit 
Sparcatron machines and was briefly as follows :— 

For machining steels he rated brass the most 
generally useful electrode material, having a 


reasonably low wastage rate on all powers and 
being so readily available, inexpensive and easily 
His firm used very 


machined or formed to shape. 


The basis of 
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little copper as, whenever it had been tried, the 
results had been disappointing relative to brass. 
Cast Mazak electrodes had been used with success 
and while it was difficult to obtain an exact com- 
parison unless the same job was repeated under 
identical conditions but using brass electrodes, his 
firm considered that it had a slightly better wear 
resistance at about the same cutting rate as brass. 
His firm had had no success when using steel 
electrodes for machining steel dies, finding great 
difficulty in stabilizing the spark, but exceptionally 
good results had been obtained over its limited 
experience of finishing tungsten carbide dies using 
high-speed steel or high-carbon high-chrome alloy 
tool steel electrodes. During a recent experiment, 
apertures were finish-machined on low power with 
each of these steels and also with copper and brass 
with the following comparative results. Taking 
brass as 100°, both electrode wastage and machin- 
ing time of the other materials was found to be: 


copper 60° ,, high-speed steel 45°, and high-carbon 
high-chrome steel 45 
More recently his firm had used a copper- 


tungsten sintered material, Elkonite 10W3. He 
agreed with Mr. Adcock that, although expensive, 
this material exhibited exceptionally good spark 
erosion characteristics, including a wear rate only 
about one-twelfth that of brass, which made it an 
economical proposition, especially for machining 
intricate forms and deep cavities in tungsten 
carbide. 

Mr. Adcock said that he did not think that there 
were any wide points of variance between his 
observations and those of Mr. Lawrance’s. Mr. 
Lawrance’s suggested reason for the difference 
could very well be true. In the preface to his paper 
he had stated that brass was at one time the uni- 
versal material, certainly in the United Kingdom. 
As time had passed equipments had become less 
and less choosy on material. Speed and wastage 
were related to the percentage of effective time 
when discharges were being employed. They had 
heard at some length about the electrical and 
theoretical maximum repetitive frequencies. The 
practical problem was to ascertain how many of 
those could be harnessed to useful work. The 
percentage used on useful work varied from job to 
job and very largely with material to material, 
hence the different readings. 

Further, it was conceivable that he and Mr. 
Lawrance were not talking about exactly the same 
power range. He had pointed out inversions in the 
characteristics in the ranges. He had tried to 
cover them. He assessed them as a normal operating 
range. It was possible that he was not right and 
that Mr. Lawrance was working at a different 
range, thus accounting for some differences. 

Mr. Adcock said that he had not followed what 
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Mr. Lawrance had said about steel electrodes. He 
had thought at first that Mr. Lawrance had said 
that he could not use steel, but he then had gone 
on to say that he had used it. 

Mr. Lawrance said that he had detailed the 
results of using high-speed steel on tungsten 
carbide, which had met with some success. 

Mr. Adcock said that he agreed entirely with 
Mr. Lawrance’s remarks about sintered copper 
tungsten. 

Mr. R. Ing (Mallory Metallurgical Productions 
Ltd.) asked Mr. Adcock if he had any experience of 
blanking or precision tooling 0-005 in. thick 
material of an abrasive nature where a punch was 
required to slide fit in the die. Had Mr. Adcock 
employed steel at any stage so that the final punch 
could be used for putting straight in the spark 
eroded die, the problem being what to do to remove 
the gap? 

Mr. Adcock said that as soon as one embarked 
on the word ‘precision’ there was a possibility of 
being at variance, because it was a very flexible 
word. His company had had experience of that 
procedure. If an annulus between punch and die 
of the order of seven-tenths of a thou was satis- 
factory, it could be done. By special means it 
could be brought closer than that. He added that 
his colleague Mr. Rhodes would be able to deal 
with the subject in greater detail if Mr. Ing wished 
to pursue it. In principle, the answer was that it 
could be done. This was in a carbide die, in other 
words it was an abrasive material. 

Mr. Ing asked if it was possible with carbide or 
steel. 

Mr. Adcock replied that it was if that order of 
clearance as a minimum was acceptable. 

Mr. Ing said that a slide fit of perhaps 0-0001 to 
0-0002 in., but no more than 0-0002 in. radially, 
was required. 

Mr. Adcock said that this was getting too fine. 
He had no experience of getting down to 0- 0002 in. 
annulus. He would resort to reducing the steel 
punch, not necessarily mechanically. 

Mr. F. C. Bird (Walter Somers Ltd.) said that 
his first question was in relation to the press die, 
which had surprised him as being so successful in 
the past, because the commonly used composition 
of 60-40 brass had a duplex structure metallur- 
gically. He would have expected it to show some 
differential wear which might have produced 
roughening at an early rate. Happily, this was 
not so. 

As copper was expensive and melted at a reason- 
ably high temperature, had the possibility of hollow 
electrodes for the larger machines been con- 
sidered, even though the additional problem might 
arise of filling them in with a material of a sturdy 
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but cheaper nature afterwards for centring 
purposes ? 

What were the possibilities of electrode restora- 
tion? He did not know whether the wear was 
twenty thou or one-sixteenth. The problem could 
be overcome by utilizing electrodes in succession 
—first as a finisher, then as an intermediate and 
then as a roughing tool. Was the electrode then 
entirely scrap? Could it conceivably be restored 
by cold forging, as in the case of copper? It would 
not be simple. It would presumably mean com- 
mencing with a flat tool at the top with a shin and 
at a later stage taking it out and filling in to the 
contour. Had this struck Mr. Adcock as cheapening 
the continuity of the process ? 

Mr. Adcock thanked Mr. Bird for raising three 
very good points. Differential wear on alloyed 
brass did not obtain. The reason was that there 
were at least two forces wearing electrodes. There 
was the spark erosion or the reverse spark erosion 
due to the spark take-off point. In addition, there 
was the attrition by bombardment from the particles 
coming from the workpiece. Even if the particles 
did not get as far as impacting on to the electrode, 
they exerted a very high mechanical force via the 
fluid round them. That might very well explain 
why there was not that differential of wear between 
the copper and the zinc. 

Hollow copper electrodes were feasible and had 
been practised to a fair extent. If the rubber press 
technique could be employed, one could manage 
very nicely by pushing copper sheet into the die. It 
could not be done for every die, but was limited to 
shapes which would accept such a technique. It 
was surprising what could be done with it, however, 
when it could be applied. 

To restore by cold forging was feasible. It was 
not usually possible to get rid of all the erosion 
marks on an electrode which had been used es a 
rougher. That was Mr. Adcock’s experience, 
although Mr. Robinson, from the Clydesdale 
Stamping Co. Ltd., probably knew more about 
this. It meant that the electrode was given a useful 
life again, but one virgin electrode had to be popped 
in for the finishing operations if it was necessary to 
achieve anything like a fairly fine finish. Further, 
there was generally a fairly expensive press for 
this sort of electrode. Therefore, the spark machin- 
ing operation had to be made secondary to availa- 
bility of the press. If it could be so organized that 
the press was not held idle, it might very well be 
worthy of consideration; but to keep a large press 
standing by to reform electrodes for a spark 
machine would not offer anything very worth while 

Mr. F. J. Jones (Forgings & Presswork Ltd.) said 
he had been waiting to direct Mr. Adcock’s atten- 
tion to presses standing by to forge electrodes 
There were two almost parallel channels for 
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making electrodes. One was the forging of them, 
with all its overheads and the hammer standing by 
and with rather terrific quantities of brass or copper 
being held in reserve, because the hammer was not 
available repeatedly. The other was the free- or 
press-casting of them. His company had had 
moderate success using free-cast electrodes on small 
powered machines. He asked for Mr. Adcock’s 
opinion on the advisability of pursuing those 
experiments with the high-powered machines. Was 
a zinc alloy likely to give any better effects, remem- 
bering that it would be possible to follow with four, 
five or six cast electrodes much more cheaply than 
with one or two copper electrodes ? 


Mr. Adcock said that that sort of approach was 
thoroughly worth while. That sort of investigation 
should be followed up, because it could very well 
lead to the most economical way of making elec- 
trodes. It was absolutely impossible for an outsider, 
except in a completely clear-cut issue, to tell any- 
body what was the most economical way to make 
their electrodes. It so largely depended on the 
plant available and its loading, which might vary 
from time to time. Methods might have to be 
altered there and then. From Mr. Jones’s descrip- 
tion, it sounded a very sound and practicable 
approach, for which Mr. Jones’s company should 
be commended 


required as the stack is built up. The weight of the 
complete charge is about 80 tons. Twelve thermo- 
couples are placed in the charge and the throat- 
heating block is lifted into position. An inner 
cover of 17°, chromium steel is then placed over 
the charge, a sand seal being formed at the bottom 
Nitrogen gas is fed into this cover during the 
annealing operation. When the cover is in position, 
the bell furnace is lowered over it, and heating com 
mences. With a total rating of 500 kW. heating 
proceeds slowly, about eight days being required 
to reach the final temperature of approximately 
800 C. During the whole of this time the heating 
elements are under automatic control 

Cooling takes place under a specially designed 
cooling hood, which is lowered into position to 
replace the furnace. This hood is essentially an 
insulated cover with adjustable flaps at the base 
and at the outlets on top, which enable the rate 
of air flow through the hood, and therefore the rate 
of temperature fall, to be controlled closely. Total 
time for a complete annealing cycle is about 16 
days and the electricity consumption is in the region 
of 20,000 units 

When annealed, each plate has to be flat to within 
; in. over the whole area, otherwise the fabricated 
sector will not be sufficiently flat 
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magnet core 


7,000-ton o 
_— 

THE 7,000-ToN core of an electro-magnet—the 
biggest in the British Commonwealth and the largest 
in Europe outside the U.S.S.R.—is now being built 
at the Manor works of Joseph Sankey & Sons Ltd., 
Wolverhampton, for the National Institute for 
Research in Nuclear Science at Harwell, where it 
will form the largest component of a {7,000,000 
7 GeV proton synchrotron, or ‘ atom smasher,’ 
now under construction at the Rutherford 
High Energy Laboratory. 

The magnet ring, which is being made in 336 
sectors at the rate of six a week, will, when com- 
pleted, have a diameter of 160 ft. Each sector stands 
10 ft. 5 in. high, is 9 ft. 3 in. wide, and 123 in. thick, 
and weighs nearly 20 tons. Accuracy in parts 1s to 
0-005 in. and each sector must be tapered to one- 
half of one degree to ensure perfect fit. 


new 


Annealing problems 

One of the most difficult of the operations required 
to produce the magnet sectors proved to be the 
annealing of the plates. Annealing is necessary to 
flatten the plates, homogenize their structure, and 
optimize their electrical properties, and the treat- 


ment consists of heating a stack of plates in a bell- 


type furnace to a temperature of around 800 C. and 
cooling them again. Diff s arose because the 
plates are roughly 10 ft. square, and it would be all 
too easy to raise or lower the temperature of one 
part of a plate 1 lickly, causing unequal ex- 
pansion or contra which would result in 
buckling. Muc rimental and development 
work had to be carr ut before a satisfactory 
annealing pr lure was established. As _ finally 
developed, 1 furnace system has three sets of 
electric heating elements; in the furnace bell, in 
the hearth, anc pecial throat-heating block 

Another problem which had to be overcome was 


the effect of * c of the plates. An unavoid- 
able defect of the rolling process, crowning, which 
causes the plates to be slightly barrel-shaped in 
be ignored for most purposes, 
but had to be taken into account in annealing 
the magnet As the amount of crowning 
varies from cast, tables have been worked 
out for compensating for this effect over a range 
trom 0-002 to 0-012 in. thickness variation between 
centres and edges. Compensation is made by in- 
serting at specified positions within the stack of 
plates pieces of cold-reduced strip 0-013 in. thick 
and from 3 to 18 in. wide. 


cross-section, can 


rm ' 
piaic® 


Cast t 


Plates are stacked, on top of each other, on a 
flat base of 1-in. mild steel until a height of 4 ft 3 in. 
compensation pieces are inserted as 


is reached; 
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Baspcock & WiLcox Ltp., makers of steam boiler 
plant, a member of the English Electric—Babcock 
& Wilcox—Taylor Woodrow atomic power plant 
consortium, has works at Renfrew and Dumbarton, 
where furnace plant for hot working and accurate 
heat treatment is essential for almost every item of 
manufacture. In 1958 two million therms of town 
gas were used in these factories. 

The Renfrew works, which covers an area of 165 
acres and employs 8,000 persons, manufactures the 
pressure vessels, superheaters, heat exchangers, 
headers, manifolds, and pipes, etc., that make up 
power station plant, and, more recently, nuclear 
power plant. Much of the work is large and bulky; 
much also is of welded fabrication or construction 
which must be suitably heat treated to fit it for its 
arduous duty. 


Drum shop 

The Dowson & Mason Ltd. stress relieving and 
annealing furnace, shown in fig. 1, is of the bogie- 
hearth type with internal dimensions, width 14 ft., 
length 38 ft. 3 in., height 12 ft. 2 in. (top of bogie to 
spring of arch). 

The furnace is designed for stress relieving at 
600—650 C., with occasional annealing at 900— 
950 C. It handles the large drums and cylinders 
that have been formed and welded using steel plate 
of up to 5 in. thickness and more, and often having 
undergone further welding operations through the 
addition of pipe connections and other attachments. 
The figure shows a typical load ready to be hauled 
into the furnace. 


metal treatment 
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Heat 
treatment at 
Babcock & 
Wilcox Ltd. 





1 Stress relieving and annealing furnace in the drum shop 


The 14-in. walls are of 9 in. of insulating refrac- 
tory with a backing of 4} in. of diatomaceous 
insulation, the insulating refractory being threaded 
on individual short rods staggered at intervals and 
secured to the steel casing. The arch also is of 
insulating refractory and diatomaceous insulation, 
together with Vermiculite loose fill. The whole 
internal surface of the walls and roof is coated with 
a brick seal bonding mortar. 


The door consists of structural steel members 
provided with clamps and lined with lightweight 
insulating refractories threaded on vertical steel 
rods in a similar manner to the construction of the 
side walls. The door traverses sideways on a single- 
beam overhead runway electrically operated from 
pendent chains. It is provided with lips at top and 
bottom which run in sand seals over the arch and 
at the end of the bogie. Additionally, asbestos pads 
are fitted so that when the door is clamped against 
the face of the opening there is a positive seal 
preventing gas leakage. 

The bogie top is constructed with a number of 
shallow grooves in which 9 in. high heat-resisting 
iron castings for supporting the load are placed. 
The brickwork of the top of the bogie is of Glenboig 
firebrick 4} in. thick over a layer of 3 in. of insulating 
refractory and a bottom layer of diatomaceous 
insulation. Heavy cast iron sand troughs are 
arranged round the front and two sides, with a 
movable sand seal trough at the back to prevent 
air infiltration. The movable trough is automa- 
tically operated by the bogie. 
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Electrically-driven haulage gear is provided for 
moving the bogie in and out of the furnace and a 


limit switch is incorporated to prevent overrun of 


the bogie, so that even if the operator is careless it 
cannot crash into the back wall. Furthermore, the 
controller is connected with a limit switch on the 
furnace door traversing gear which ensures that the 
door is in its fully open position before the bogie 
is moved into or out of the furnace. 

The furnace has 60 gas burners, 30 on each side 
at hearth level, firing alternately, horizontally, and 
vertically (the flame being deflected upwards by a 
tile in front of the burner). The burners are of the 
nozzle-mixing type, using air at 5 in.w.g. and have 
a maximum rated capacity of 60 therms h., the 
gas supplied to the Renfrew works having a 
nominal calorific value of 425 B.Th.U. cu. ft. 

Waste gases pass through flues at hearth level 
which are joined together and connected to under- 
ground cross flues to meet the main flue. 

Instrumentation. The furnace, for temperature 
control purposes, is divided into three zones. In 
each zone there are the following fully floating 
temperature controlling and recording devices:— 

1) An 8 ft. long control thermocouple projecting 
through the roof, raising and lowering gear being 
provided to lift it clear when the charge is moved. 
This is connected to an Electroflo potentiometric 
recording controller which actuates gas and air 
valves in that particular zone by means of a hydrau- 
lically operated regulator. 


2) Three thermocouples, one through the roof 


and one at each side approximately 4 ft. above bogie 
level. These are connected to multipoint tempera- 
ture recorders. 

Automatic furnace pressure control 1s effected 
through the main flue regulator, and registered by 
the pressure recording controller. 

Performance. Designed capacity is given in 
Table I and the results of two tests are given in 
Table II. 

In Test No. 1 the charge consisted of 3 drums, 
total weight 70 tons. The heating cycle was a 
primary stress relief at a temperature of 625 C., 
the stipulated holding period being not less than 
3h. In Test No. 2 the charge was again 3 drums, 
total weight 91-1 tons. The heating cycle was a 
primary stress relief of high tensile steel drums at a 
TABLE I based on heating the 


Design figures and estimates 
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temperature of 600°C., the stipulated holdin 
period being not less than 2 h. 





Taste II Results of two performance tests 
Test Test 
No. 1 No. 2 
Weight of charge tons 70 91-1 
Temperature Cc 625 600 
Gas_ used excluding 
soak therms 680 645 
Time to reach holding 


temperature h. 11-25 10-8 
Gas used excluding 
soak 


7 7:1 


therms ton 9-7 7 





Tube and manifold department 

In the tube and manifold department, heat 
treatment is carried out with a Dowson & Masor 
furnace of the bogie type, having inside door width 
of 10 ft. 6 in. by 4 ft. high from the top of the piers 
on the bogie to the spring of the arch, and a length of 
40 ft.3 in. The bogie is 10 ft. 3 in. wide by 40 ft. 
long. 

The furnace was designed for normalizing, 
annealing, and stress relieving. Manifolds are 
j—1! in. thick and range in size from 6—7)} in 
square and 10—20 in. dia., length up to 40 ft. and 
more. They are manufactured by hot extrusion, 
the ends are closed by hot swaging, and much 
machining and welding is finally performed. Stress 
relieving, therefore, 1s important. Mild steel 1s 
stress relieved at 650 C., and alloy steels at tempera- 
tures up to 725 C. Superheater and economizer 
tube banks, which undergo bending and other hot 
working, are annealed or normalized, according to 
requirements, it ten 


iperatures between 920°C. and 

950 ¢ 
The walls and roof of the furnace are of light 
weight insulating refractories 9 in. thick. To allow 
an adequate cooling rate, no diatomaceous insula- 


tion 1s used. The inside faces of the lining are 
coated with a refractory cement. 


The door, made up of cast iron sections, is lined 


with insulating refractories held by mild steel 
rods. There is a removable portion with an opening 
about 2 ft. square to enable manifolds longer than 


10 ft. to be treated. The door is counterbalanced, 
but operated by a hydraulic cylinder and interlocked 
with the bogie haulage mechanism so that the bogie 
cannot be moved until the door is open. 


furnace and charge fron 1 
Weight of charge ' tons 50 50 100 100 
Temperature ( 620 940 620 940 
Gas required (excluding soak therms 485 1,080 800 1.750 
Time to reach holding temperature h 8-75 19-5 14:5 31-25 
Heat input at holding temperature therms h 22 45 22 45 
Gas required (excluding soak therms ton 9-5 21-6 8 17:5 


The relatively small requirements for annealing at the higher temperature 
burner equipment to reduce the time required for that treatment 


did not justify the provision of larger 
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10ldin The top of the bogie is of 4} in. firebrick built Taste III Estimates based on heating the furnace 
on 3 in. courses of insulating refractory and diato- and charge from cold = 
maceous insulation. Heat-resisting steel load Weight of charge tons 30 30 
_— supports are used, similar to the iron supports for ) ey nse cas q : — a 
Test the Drum Shop furnace. Electric haulage gear is 238 Tequired Cexchuding soak) therms oe ets 
No . : Time to reach holding tem- 
phe fitted in a pit below floor level. perature h 6| 14 
91-1 The furnace has 60 burners, 30 at hearth level on Maintenance heat input at 
600 each side firing alternately, horizontally and verti- temperature therms h 13) 39 
645 cally with a maximum rated capacity of 64 therms 
h. Those firing horizontally are nozzle-mixing before a charge is inserted on the following day. 
10-8 burners and those firing vertically are luminous Net figures are given for the weight of charge, but 
» flame burners, air being supplied at 8 in.w.g. The each includes, in addition, 4-9 tons of support 
fl luminous flames are obtained by slow mixing of the castings. 
air and gas streams and avoid the production of 
ensity > base o > side walls. , 
— high heat intensity at the base of the side wall Pipe shop 
» nca This is important because of the necessity to obtain nl — liev 4 fie 
Masor very close temperature uniformity over the whole _ *" the pipe shop the stress relieving and annealing 
width of the furnace y furnace, built by Dowson & Mason Ltd., 1s 
2 piers again of the bogie hearth type, and has internal 
The waste gases are exhausted through a number ; . ied ~ f < 
eth of , dimensions, width 10 ft. 6 in., length 22 ft., height 
ee of flues at bogie hearth level arranged along the side_ = f f basic > alt ae 
40 ft. walls. These are connected to horizontal flues below” Ng cn ta ty, ee ime. 
Ghice Cietiieiares. aibiiatls Rin: tateith sais tastes ies tana tan The capacity of the shop includes pipes ranging 
lizing d ve payee “ he oer ied it oy . = of a from 4} in. to 18 in. dia., and from ? in. to 2 in. 
> ‘ “narate c eer P me side . _ ~ - 
is are ae ‘y ee ee a ~~ thick, all solid drawn tube. The furnace is used for 
7! in — oe. cs the heat treatment of bends, and flange and branch 
t. and Instrumentation. Pg eam is divided Into — welds. Mild steel is stress relieved at 650 C. Alloy 
usion. zones each controlled by George Kent Ltd. fully stecls, after welding are stress relieved at 725 C.. or, 
much floating pneumatic recording controlling equip- after hot bending or forging, annealed or normalized, 
Stress ment connected to thermocouples in the furnace according to specification, at temperatures of 
eel is roof. These instruments operate air-gas propor- 9]5—920°C. 
apera- tioning valves in each zone. In addition, thermo- The furnace has walls of 9 in. insulating refractory 
ymizer couples in the side walls are connected to a six-point backed up with 4} in. diatomaceous insulation and 
er hot recorder. Automatic furnace pressure control is the roof is of 9 in. insulating refractory and 3 in. 
ing to effected through the pneumatically operated main diatomaceous insulation with Vermiculite loose fill. 
at flue damper. A gas flow recorder is included in the {eat-resisting iron pier castings are used for 
instrument panel. supporting the load as on the furnaces previously 
* light Performance. The furnace is designed for a load described. There are 30 nozzle-mixing air-blast 
allow of the order of 30 tons excluding the stool castings burners in the furnace, 15 on each side, half of them 
nsula- and estimated figures are given in Table III. firing vertically and the other half firing horizon- 
iw are The figures given in Table IV are taken atrandom tally between the stools on the bogie. The maxi- 
- from the daily records of normal operation in mum rated capacity is 32 therms h. 
lined which, after each charge is heated, the furnace is The furnace is fitted with George Kent Ltd. fully 
steel cooled down almost to atmospheric temperature floating pneumatic recording controlling tempera- 
ening 
- than TABLE IV Representative data of normal operation 
inced, Weight of Gas consumption 
ocked charge Time to heat Soaking ime |——————————————_ _ 
bogie tons h. min h. min therms therms ton 
S 2 45 30 175 21-9 
Operation at 650 C. with }-h 12 2 10 30 166 13-8 
soaking periods 0 3 30 218 7.3 
— 34 2 30 180 5-3 
13-25 Y 1 20 259 19-5 
_ Operation at 650 C. with more 16°45 3 15 : & 225 13-7 
25 than 1I-h. soak 20-6 3 20 1 20 268 13-0 
23-1 3 15 2 298 12:9 
5 — nc eee, ee =i 
a Operation at 710°C. with 4-h 6 2 4 30 196 32-6 
larger soak 42 m= j 30 296 7-0 
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ture equipment operating proportioning combined 
gas and air valves, the furnace being divided into 
two zones. The controlling thermocouples are 
arranged in the arch and fitted with raising and 
lowering gear. Automatic furnace pressure control 
is effected through a butterfly damper operated 
pneumatically. 

The furnace was designed for a load of 12 tons, 
excluding support castings, and the maker: 
estimated that a full load would reach 920 ¢ 
6 h. with a gas consumption of 16 therms tor 


Steel foundry 
The portable cover annealing furnaces, 
in fig. 2, are used for the annealing of iron ar 


castings at temperatures of 680 C. and 95 
respectively. 
The installation by Dowson & Mason 


consists of two bases, each 4 ft. 9 in. w 

9 ft. 9 in. long, and a removable hood lit 
lightweight insulating refractory. The height 
the hearth to the roof of the hood is 5 ft. 3in. W 
one hood and two bases, a load being stack 
one base while another is being heated 
second base covered by the removable hood, alm 
continuous operation can be obtained. 

The hearths are constructed of firebrick t 
covered by flat cast plates which protect the fire- 
brick from damage which would otherwise result 
from the loading of a great variety of castings, 
some of which have sharp edges. Each base will 
take a load of 8 tons of castings and is equipped 
with 14 burners arranged along the two long 
sides, the burners projecting highly luminous 
flames vertically upwards. The waste gases pass off 
at each end through ports in the hearth, and through 
thimble type recuperators of calorized mild steel, 
preheating the air for combustion before passing 
to the chimney. 


Electroflo two-position temperature control 
equipment is fitted, the control thermocouple 
being placed in the roof of the cover. The control 
instrument is connected to two valve regulators 
which operate the gas and air valves of cach base 
Other thermocouples are connected to a six-point 
temperature recorder. 

The makers’ estimate of performance taking a 
typical load of 4 tons as a basis is given in 


lable V. 


TABLE V- Estimated performance data of castings annealing 


Charge 

Temperature 

Gas required (excluding soak 

lime to reach holding temperature 
Maintenance heat input at temperature 


Total gas required, including }- to 1-h. soak 
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Header factory 

This is the shop that produces the header tubes 
which pass to the Tube and Manifold Department 
for further working, and which were mentioned 
earlier when describing the work of that section. 

The circular tubes, of 10 to 20 in. dia. and } in 
to 1} in. thickness, are closed by a swaging process 
after the tube end has been heated to 1,100— 
1,200 C. 

Two identical furnaces of Babcock & Wilcox 
design are in use for the tube end heating. In each, 
the working chamber is a horizontal cylinder, 3 ft 
lia. by 2 ft. long, closed at one end. The tube is 
nserted at the other end through a circular opening, 

- diameter of which can be varied by the use of 
refractory rings appropriate to the size of tube. 
Dense refractories are employed in the construction, 

id the furnace operates with a wall temperature in 
order of 1,400°C. 

[he furnace has two tangentially-firing burners 
paced 180° apart on a circle midway between the 
wo ends of the chamber. The burners are of the 

‘zie-mixing type with a centre air jet from which 

e air issues with a swirling motion into a short 
ymbustion tunnel. Air is supplied at 28 in.w.g. 
and the maximum gas rate of each furnace is 20 
therms h. 


lube annealing at Dumbarton 


Che Dumbarton works is a tube works, manu- 
facturing the high quality material that the Renfrew 
vorks transforms into boiler tubes and superheater 
The sequence of furnace plant is: (i) Billet 
heating furnace; (11) reducing mill furnace and (i 
tube annealing furnace. 


nest 


Tube from the reducing mill is subsequently 
cold drawn to its finished size, but before this 
operation, at successive stages of drawing and again 
on finishing, the tube is annealed. 

A Dowson & Mason continuous roller hearth 
furnace providing this treatment is shown in fig. 3 
giving a view at the charge end. Tubes are heated 
to 950 C. and cooled to 500 C. before being dis- 
charged. 

The total length inside the furnace is 88 ft. The 
first 20 ft. is the heating zone, the next 10 ft. the 
soaking zone, and the remaining 58 ft. the cooling 
zone. The width of the furnace inside is 4 ft., the 
effective loading width of the rollers being 3 ft. 10 in. 


4 tons cast iron 4 tons steel 


¢ 680 950 
therms 42:5 85 
h 3 5 
therms h 3-2 7°7 
therms ton 11-5 22:2 
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Burners are arranged to fire both under and over the 
roller hearth from both sides and a flue is taken off 
at the charging end of the furnace. All rollers in 
the furnace and on the charge and discharge tables 
are driven through variable speed gears. In this 
way the tube is carried through the furnace at a 
speed which will ensure its proper treatment. 

The whole of the heating and soaking sections, 
walls, roof and bottom, are constructed of 9 in. of 
lightweight insulating refractory backed by 3 in. of 
diatomaceous insulation. 

Automatic proportioning air-blast tunnel burners 
using air at 28 in.w.g. are employed. In the first 
zone, the heating zone, there are six burners on 
each side, four firing under the rollers and two 
firing over the rollers. Each of these burners has a 
gas rate of 2! thermsh. The soaking zone has 
three burners on each side, two below the rollers 
and one above, each only half the size of those in 
the heating zone. The total maximum gas rate of 
the furnace is 37! therms h. 

The rollers within the furnace consist of 5 in. dia 
heat-resisting steel tubes connected on the driven 
side by muff couplings to the driven stub shafts of 
mild steel rotating in split race roller bearings. The 
chain drive arrangement allows any roller to be 
removed while the others still rotate. All are fitted 
with seals to prevent leakage of hot gases or air 
infiltration. 

The rollers of the charge and discharge tables are 
of similar design, but use a mild steel roller tube 

This is designed gradually to cool the tubes to a 
temperature lower than 500 C. before discharge. 
Ihe side walls above the rollers, and the arch, are 
constructed of 4! in. firebrick to dissipate the heat 
A mild steel duct through which air for combustion 
is drawn is arranged behind the side walls. This 
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assists the cooling and provides a small air preheat. 


Instrumentation. The heating and soaking zones 
each have Electroflo fully floating temperature 
control equipment with hydraulically operated 
furnace valves. In addition, six thermocouples 
are connected to a six-point recording pyrometer. 


Design capacity. The furnace is designed to heat 
tubes to 950 C. and cool to 500 C. before discharge, 
tube sizes varying from 1} in. o.d. to 3} in. o.d. and 
weight per foot from 2 Ib. to 9! Ib., output 2 tons h 
Some of the tubes are distorted when charged and 
a loading factor of 75 


across the rollers has been 





3 ABOVI Charging end of roll 

hearti furnace for continuous an- 
nealing at Dumbartor 

2 LEFT Portable mer annealing 
furnaces for castings at the Renfres 


orks 





metal treatment 
and Drop Forging 


allowed. The design loading was 10—3} in. dia. 
tubes or 23—1} in. dia. tubes across the width of the 
furnace. The roller speed can be adjusted to give a 
linear speed of from 0-65 to 3-9 ft./min. 

Performance. Average performance figures for 
continuous operation throughout the week are 
given in Table VI. 
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Taste VI Average performance figures of roller 
hearth furnace 





Tempera- | | Through-| Gas consumption 








Steel ture | put therms/ | therms 
> tons h. ton 
Mild steel 800 2 16-2 9°5 
Alloy steels | f 920 2-25 18 11 
. 30 Er TR ae 12-5 


A bogie hearth tube annealing furnace, designed for 
the heat treatment of alloy and mild steel tubes of 
maximum length 50 ft. at temperatures between 
650°C. and 950°C., is of similar design and con- 
struction to that in the Tube and Manifold Depart- 
ment at Renfrew. It has, however, a door at each 
end and employs two full length bogies so that one 
may be loaded while the furnace is treating the work 
on the other. The inside door width is 9 ft. 3 in., 
and the length 54 ft. The walls are of 9 in. of 
insulating refractory backed up with 4} in. of 
diatomaceous insulation. On the bogies there is 4} 
in. of firebrick over layers of 4} in. of insulating 
refractory and 4} in. of diatomaceous insulation. As 
in other furnaces, the work is carried on cast stools, 
but because the furnace is frequently used in the 
higher temperature ranges, they are of heat-resisting 
steel. 

There are 80 burners, 40 at hearth level on each 
side, firing alternately horizontally and vertically, 
with a maximum rated capacity of 90 therms h. 

For control purposes the furnace is divided into 
four zones each zone being provided with Electroflo 
fully floating temperature control equipment, com- 
prising an electronic recording and controlling 
potentiometer which operates air and gas pro- 
portioning valves through hydraulically operated 
regulators. The furnace is also provided with two 
six-point recording pyrometers connected to 12 
thermocouples arranged at different positions in 
the furnace. 

The waste gases from the furnace are taken away 


TABLE Vil Performance of bogie-hearth furnace — 
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Silicon manufacture 

Earlier this year I.C.1. announced the bulk production of 
semi-conductor grades of silicon from their plant—the 
first in Britain, and it was stated there were plans for 
expanding the capacity still further to 4,000 lb. The 
extension has been completed, and the benefit of in- 
creased production is being passed on to the consumers 
by way of price reductions. The demand for silicon in 
Britain can be met and considerable quantities are being 
sold abroad so that extensions have been planned which 
will more than double capacity in 1960. These modi- 
fications will be made relatively simply as the original 
plant was designed for ready expansion. 

Two distinct types of silicon are required at present 
by device manufacturers—lump or granular silicon, from 
which single crystals are made, and zone-refined silicon 
in rod form. I.C.I. have been actively working on 
methods of growing silicon rods suitable for zone- 
refining, and are now installing a new plant which will 
be producing polycrystalline rods early in 1960. The 
rods will have diameters up to 1 in. and lengths up to 
24 in. 


Change of name 

In order to clarify the association with the parent com- 
pany, the Morgan Crucible Co. Ltd., the name of Syn- 
thetic Carbon & Engineering Co. Ltd. has been changed 
to Morgan Components Ltd. 

The capacity of this company at Stanmore has been 
enlarged and will be concentrated on the sales and pro- 
duction of all brush h>lders hitherto manufactured by the 
Morgan Crucible Co. Ltd. and Synthetic Carbon & 
Engineering Co. Ltd. 

Morgan Components Ltd. will continue to manu- 
facture and supply a variety of metal contacts and asso- 
ciated metal assemblies, which were formerly supplied by 
the Synthetic Carbon & Engineering Co. Ltd. 

Enquiries and orders for carbon brushes and carbon 
contacts, formerly supplied by the Synthetic Carbon & 
Engineering Co. Ltd., should now be sent to the Morgan 
Crucible Co. Ltd., Battersea Church Road, London, 
S.W.11. The grades of carbon used will be as pre- 
viously supplied, but the grade markings will conform to 
the Morganite series. 


through an underground flue and the furnace pres- 
sure is controlled and recorded by Electroflo 
instruments. An electrical transmitting type 
recording and integrating ring balance flow meter is 
also provided. 

A few production figures are given in Table VII. 
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Operating Gas consumption 
temperature Weight of charge Time to heat Soaking time 
S. tons h. min. min therms therms ton 
800 9-93 4 0 30 333-9 33-6 
850 10-89 4 15 3» 387 «3 35-6 
900 9-63 4 35 30 381-3 39-6 
920 10°63 4 55 30 430-8 40-5 
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Gas-fired reducing furnaces for converting tungsten and 
molybdenum oxides to metal powder 


and valve manufacture 


Lancashire plants of Mullards Ltd. 


The manufacturing plants of the Mullard Group are 

ated in two main regions in the North and South of 
England. The northern plants, concentrated in 
are at Blackburn, 
3urnley), and Southport, with a number of smaller 
‘eeder factories in Fleetwood, Rawtenstall, Lytham 
st. Annes and Southport. Between them the Lanca- 
hire plants account for about half the Group's 


7,000 employees. 


cashire, Simonstone (near 


Last month a visit for the techmical press was 
arranged by the Gas Council and the North-Western 
Gas Board in conjunction with Mullard Ltd. In the 
time available during the visit it was not possible to 
ee the Southport plant, where magnetic materials and 
magnets are made, but only those at Blackburn and 
Simonstone. Brief accounts of the manufacture of 
recetving valves, and fine wire at Blackburn and 
television picture tubes at Simonstone are given here 





SIMONSTONE 

The Simonstone plant produces over 1} million 
television tubes a year—a large part of the Group’s 
total output. The plant, which has been described 
as the most modern of its kind in Europe, was built 
in 1954-55. Since then the plant has expanded 
considerably and now employs some 1,700 people, 
the majority of whom are men. 


Manufacture of television tubes 

The production of television tubes at Simonstone 
begins with the component parts of the glass bulb; 
the cylindrical neck, the flared cone, and the 
rectangular faceplate. 

The neck is first welded to the cone by automatic 
rotary machines, of which there are six in the plant, 
each having 12 stations. The two parts are first 
pre-heated by radiant cup gas burners and gas-air 
burners to bring them to the correct temperature 
for welding and the weld is then made by oxy-coal 
gas jets. Following this, the bulbs are transferred 
to a side-sealing machine where the metal e.h.t. 
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connection is fused into the side of the cone. The 
region of the seal is pre-heated by radiant cup 
burners and gas-air jets, and the seal is made by 
oxy-coal gas jets. 

The neck and cone assembly is then annealed and 
pre-heated ready for the faceplate to be joined on; 
the faceplate is also pre-heated to the same tem- 
perature. Twenty-four automatic machines weld 
the faceplate to the neck and cone assemblies. 
Gas-air jets pre-heat the two component parts, and 
cross-fires of oxy-coal gas jets further raise the 
temperature of the welding region. The actual weld 
is accomplished by an electric arc struck through 
gas flames which brings the edges of the two com- 
ponents up to melting point, when a perfect seal 
takes place. 

The complete bulb is annealed and allowed to 
cool slowly. The bulbs are now introduced to the 
two-mile long overhead conveyor system that runs 
through the entire plant, and around which all the 
subsequent processes are planned. 

The cooled bulbs are thoroughly washed with 
different solutions to make ready for the vital 
process of laying the fluorescent screen effected in 
rotary mills fitted with dispensers which automati- 
cally deliver the correct amount of buffer solution, 
water glass and fluorescent powder. The fluores- 
cent powder gradually settles down through the 
buffer solution evenly on to the surface of the glass, 
where it is held by a gel-like formation produced 
from the different solutions. The bulbs are auto- 
matically tilted to remove the liquid, leaving the 
screen deposit undisturbed. The bulbs are dried 
by infra-red lamps and filtered air and are then 
given internal coatings of lacquer and graphite, the 
latter to form an electrical connection between the 
final anode and the e.h.t. connector. 


The bulb is then ready for laying a film of 
aluminium by vacuum deposition on the inside of 


the screen and cone. The film acts as a mirror 
behind the fluorescent screen, increasing the bright- 
ness of the picture. It also prevents the screen 
being damaged by heavy ions during the tube’s 
working life. 


The bulbs are next passed slowly through one of 


two continuously operated 100-ft. long Lehr 
furnaces to drive off all moisture and to bake out the 
unwanted constituents of the various coatings, 
which would otherwise make it impossible to 
maintain the necessary vacuum in the finished tube. 
This baking process also fixes the fluorescent screen 
firmly to the glass face. 

The electron guns are assembled in a separate part 
of the factory by highly trained female operators. 
The component parts (over 60 to each gun) are 
manufactured to very high standards of accuracy 
and a system of statistical quality control is applied 
throughout so that there is no possibility of faulty 
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parts reaching the assembly operation. Oxy-coal 
gas jets are used in the assembly of the guns, to weld 
the glass support rods in the electrode assembly. 

The assembled guns are checked by microscope 
to ensure that the spacing of the electrodes is 
correct. They are then washed to remove con- 
tamination before passing to the rotary sealing 
machines, which seal the gun, mounted on its glass 
base, into the neck of the bulb. The sealing 
machines for sealing the gun into the neck employ 
radiant cup gas burners for pre-heating the region 
of the join and oxy-coal gas jets for the actual seal. 

After this operation the tubes are evacuated, dur- 
ing which the tube passes through a long, heated 
tunnel. This heating process drives off any gases 
present in the metal electrodes, the glass bulb, or 
the screen materials. At the same time, an electric 
current is passed through the heater to give the 
cathode the necessary emissive properties. These 
operations completed, the getter 1s ‘fired’ by 
induced high-frequency currents. 

The tube is then connected to power supplies and 
its internal metal components are bombarded by 
electrons from the cathode to stabilize its per- 
formance, and is then subjected to a series of 
rigorous tests under working conditions. 


BLACKBURN 

Established shortly before the 1939 war, the 
Blackburn plant covers 46 acres of ground and 
employs nearly 5,000 people. It is responsible for 
most of the Group’s production of radio and tele- 
vision valves, turning out about a million a week. 
Large sections in the plant are devoted to making 
fine wire, glass and components. Much of the glass 
and wire is absorbed by the valve manufacturing 
units of the plant but substantial quantities of 
tungsten and molybdenum wire are supplied to 
other industries for a variety of purposes. 


Valve manufacture 

The major part of the Blackburn plant is engaged 
in the manufacture of receiving valves, chiefly for 
radio and television. Apart from the mica spacers 
and the nickel used for some electrodes, all the 
components for the many different types produced 
are made within the plant from the raw materials. 

The basic components of a valve are: the elec- 
trodes, comprising heater, cathode, anode and, 
excepting diodes, one or more grids; the glass 
envelope and base; the internal supporting mem- 
bers, mica spacers and insulators. These various 
component parts are fabricated in separate units of 
the plant and brought together in the large assembly 
bays where skilled operators build up the complete 
valves. 

The cathode consists of a central core of nickel 
tube, round which the emissive coating is sprayed. 
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The nickel tubing is re-drawn in the plant’s wire- 
drawing unit to the very small dimensions required 
in cathodes, which may scale only 0-75 mm. 
0-65 mm., with a wall thickness of 0-05 mm. The 
emissive coating, a mixture of barium and strontium 
carbonates in a volatile solvent, is sprayed on under 
careful control to ensure a coating of uniform 
iensity and thickness. Inside the central tube of the 
cathode is inserted the heater, or filament. This 
consists of a spiral of very fine tungsten wire formed 
into a‘ V’ or‘ M’ shape and coated with aluminium 
oxide to insulate it electrically from the cathode. 
The manufacture of heaters and cathodes calls for 
great delicacy and refinement to ensure high 
standards of performance and long life in the 
finished valves. 

The grids of the valves are essentially flattened 
spirals of very fine molybdenum wire wound on 
stiff ‘ backbones’ or supporting rods. They are 
vound automatically on precision winding machines 

1 lengths of about 4 ft. at a time, and each length 

then cut into individual grids of appropriate size. 

Anodes are pressed to the required shape and size 
by automatic machines from nickel, nickel-plated 
steel or aluminized steel, depending on the type of 
valve. 

In the assembly bays operators, assisted by 
ingenious mechanical aids, assemble the electrodes 
into a ‘ cage,’ ready to be mounted on the base. The 
base is a small disc of glass holding the connecting 
pins by which the valve plugs in to the valve- 
holder and a corresponding number of wires to 
which the various electrodes are connected. Joining 
the stiff metal pins and the thinner connecting wires 
is a third length of wire which has the same overall 
coefficient of expansion as the glass, and which, 
therefore, ensures a perfect airtight seal where the 
wires pass through the glass. 
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The machines that make the bases automatically 
feed the correct number of tri-metal connecting 
wires into a jig. A collar of glass is placed round the 
wires and the whole assembly is revolved. As it 
rotates, gas flames soften the glass collar and the 
machine gently presses it into shape around the 
centre sections of the tri-metal wires. Special 


machines then cut the connecting wires into the 
right lengths and bond them to the exact positions 
for the electrodes to be welded to them. 

Once the electrode cage has been joined to the 
base, the next steps are to seal the assembly into its 
glass envelope and then to evacuate the air to form 





ABOVE Swaging operation used to 
form the sintered tungsten and 
molybdenum bars into thin rods 


ready for wire drawtng 


LEFT Stress reliewing the wire ts 
carried out at different stages of 
manufacture 
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the vacuum necessary to the operation of the valve. 
Substantial quantities of gas are used in these 
operations. In the first, gas jets are employed to 
soften the glass at the junction of the base and 
the envelope before the sealing machine automati- 
cally applies the correct pressure to form the joint; 
and in the second for pinching off the pumping stem 
once the air has been removed. Twenty-four 
rotary pumping machines, each capable of handling 
30 valves at a time, are in operation. 

While the valve is being pumped, the metal com- 
ponents inside are heated by induced high-frequency 
currents to drive out any gases which may have been 
absorbed during manufacture. A current is passed 
through the heater to reduce the cathode coating to 
oxide, thus forming the electron emitting surface, 
and induced heat is again used to evaporate the 
getter to absorb the last traces of gas. When the 
valve has been removed from the machine it is 
operated for a period under controlled conditions. 
During this period changes occur in the cathode 
coating resulting in improved emission. 


Finally, the valve is put through a succession of 
exacting tests covering its operating characteristics, 
emission, vacuum, insulation and so on. In addi- 
tion to these routine tests, the quality control 
laboratory continually tests batches of valves 
selected at random from the production line. Any 
falling off in quality is detected at the earliest pos- 
sible moment, so that steps can be taken to correct it 
before the trouble can assume serious proportions. 


Making fine wire 

A large section in the Blackburn plant is given 
over to the manufacture of tungsten and molyb- 
denum wire. A substantial amount is supplied to 
other manufacturing industries for a variety of 
purposes. 

The annual output of wire exceeds a quarter of a 
million miles. Most of it is eatremely fine, down to 
a diameter of five thousandths of a millimetre. 

Tungsten occurs naturally in the tungstates of 
iron, magnesium and calcium. It is the latter, 
known as scheelite, that is used at Blackburn. The 
quality of scheelite available from various world 
sources varies greatly, and skill and experience are 
necessary in its selection. Molybdenum is obtained 
from molybdenite ore, the chief deposits of which 
are in the American continent, Norway and 
Yugoslavia. 

For tungsten wire, the scheelite ore is put through 
chemical tests to ensure its quality, after which it is 
ground continuously for several days in a ball mill. 
The resulting very fine tungsten oxide powder is 
purified chemically, and placed in reducing furnaces 
where, in a hydrogen atmosphere, it is converted to 
tungsten metal powder. The reducing furnaces, 


122 march, 1960 


which run up to 900°C., are gas-burning. Con- 
trolled amounts of special additives are introduced 
into the pure powder to control its crystal structure 
and to prevent the finished wire sagging, and the 
powder is then compressed into bars of convenient 
size. 

Next come sintering processes which crystallize 
the compressed powder into a hard metal, ready to 
be made into wire. Sintering is done by first heating 
the bars in an atmosphere of hydrogen and then 
passing through them an electric current of between 
two and three thousand amperes. 


The sintered bars are swaged by raising them to 
white heat and hammering in successive stages 
until they take the form of thin rods. Gas furnaces 
are used to heat the bars prior to hammering. 


The tungsten rods are drawn through a series of 
progressively smaller dies until they have been 
reduced to the thickness required. Drawing occurs 
in three main stages: first on a chain bench, next on 
large-diameter drums, and finally on smaller draw- 
ing heads. In each stage a number of dies are used, 
carefully spaced to achieve a gradual reduction in 
diameter and, at the same time, to increase the 
strength and ductility of the wire. Hard metal dies 
are used in the initial stages, but as the wire becomes 
thinner diamond dies are necessary. Gas is used 
extensively throughout the drawing operations, for 
heating the wire before it is pulled through the dies 
and also in the annealing furnaces through which 
the wire passes at pre-determined intervals to 
remove strains. 


Once the required diameter has been obtained 
the wire is put through a series of strict tests and 
inspections to check its dimensional accuracy and 
mechanical properties. 


Steel strip rolled from powder 


A PROCESS FOR MAKING steel strip from iron powder has 
been announced by Republic Steep Corp., Cleveland, 
U.S.A. 


The experimental process consists of three main steps: 
First, iron ore is purified and then reduced to iron 
powder. The powder is funnelled between four rolls 
where it is compressed into a semi-solid strip with 
sufficient ‘ green’ strength to hold together. The com- 
pacted strip is heated to 2,200°F. in a furnace with a 
reducing atmosphere and is passed through a series of 
hot rolling mills. Hot rolling brings the compacted 
powder up to full density and gives hot rolled steel 
which has the same quality as conventionally-made steels. 
After coiling, the steel goes through the usual operations 
of pickling, cold rolling and annealing before being 
re-coiled or cut into sheets. 


Republic has produced more than 1,800 Ib. of low- 
carbon steel strip by the process. Plans are being 
made for a pilot line which will produce strip up to 
12 in. wide on a continuous basis starting with powder. 
The process is adaptable to alloy steels as well as to low 
carbon steels. 





Rae OM Nee aL eee RT TOG te Pan 


43 Sir atleast kA oS 


4 ACI A RIT. 


se hs ea RE cs PES OL eS 


4 
| 
} 
‘ 








Sa Cah i ll A a all 





Ma a os ae 


march, 1960 123 


Stainless steels 


HARDENABLE ‘ AUSTENITIC” stainless alloys gained 
in importance last year, according to Mr. R. E. 
Paret, of the American Iron and Steel Institute, in 
Metal Progress, October, 1959. For example, the 
B-70 Valkyrie ‘ chemical’ bomber, which employs 
one such alloy as the main sheet construction 
material, will travel at speeds up to 2,700 miles 
per hour without suffering damage from intense 
air-friction heat. In proper designs these harden- 
able alloys provide high strength and hardness 
with excellent resistance to corrosion. They have 
good formability, and can be hardened at tem- 
peratures low enough to minimize distortion and 
oxidation. 

Low cobalt content in stainless steel for nuclear 
use is desired because of the ravaging influence of 
irradiation. Were cobalt content not restricted, 
-orrosion products containing cobalt-60 could pose 
erious maintenance problems and hazards to per- 
sonnel doing repair work. Cobalt-60 also may 
move out of the stainless alloy and contaminate the 
entire primary loop of the nuclear system. Now 
commercial quantit‘es of austenitic Type 304L 
may be ordered with cobalt controlled to a value 
acceptable for use within the core of a reactor— 
perhaps as low as 0-005%,. 

A second development of significance to nuclear 
engineers is boron-treated stainless alloys. Type 
304L with about 2°, boron possesses high thermal 
neutron absorption, good structural stability at 
260°C. under irradiation, and good corrosion 
resistance. 

Until recently this alloy has not been commer- 
cially available. The metal was formerly melted in 
vacuum furnaces and heats were limited to less 
than 4,000 Ib. Electric furnace melting can now 
produce heats of 24,000—28,000 Ib. 

A third stainless steel development may prove 
useful not only for nuclear reactors but also in 
ther high-temperature applications. Nitrogen is 
closely controlled (0-3-0-5°,,) and chromium 
nickel and manganese levels are maintained at a 
22:4:9 ratio. The alloy resists erosion, oxidation 
and corrosion at temperatures up to 870°C. Ten- 
sile strength exceeds 162,000 Ib./sq. in. at room 
temperature. Rupture strength decreases to about 
50,000 Ib./sq. in. at 600°C. in extended service. 

* Sandwich’ rolling has progressed beyond the 
experimental stage. In this process several stainless 
plates are sandwiched between two carbon steel 
cover plates. After its edges are welded the sand- 
wich is heated and hot-rolled on a conventional 
plate rolling mill. Typical sheets are 0-075 in. 
thick, 120 in. wide, and 240 in. long. Since the 
sheets do not contact the atmosphere during hot 
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rolling and annealing, decarburization is negligible. 

Stainless steel foil is available down to 0-0005 in. 
thick. Applications include honeycomb skins, 
electronic tubes, and missile and satellite instru- 
mentation. Stainless foil 2 mils thick has been 
thinly coated with titanium activated with tritium 
for use as a radiation source. 

Cold roll flowing of stainless steel offers weight 
reduction and better uniformity of mechanical 
properties in all directions. Like metal spinning, 
roll flowing contours parts by cold shaving over a 
mandrel. Roller pressures above 200,000 Ib./sq. in. 
displace the stainless until it assumes the desired 
wall thickness and design contours. Frequently 
the process will reduce or eliminate need for 
machining or welding. 

The narrow and variable band between yield 
point and ultimate strength in certain alloys pre- 
vents them from being formed by conventional 
methods. New stretch-forming equipment com- 
pensates for yield strength variations in these high- 
alloy stainless grades, and permits stretch forming 
without tearing of sheets. The ultimate answer, of 
course, lies not in machine refinements but closer 
control of yield strength variations by steel pro- 
ducers. Progress is being made here. 





MAGNESIUM ALLOYS 


ALTHOUGH alloys containing aluminium and zinc 
continue to be the backbone of the U.S. mag- 
nesium industry, several new compositions and the 


. operation of a modern rolling mill and extrusion 


plant (Dow Metal Products Co., Madison, Ill.) are 
stimulating the use of magnesium in commercial 
applications. The new facilities produce sheet and 
plate, both flat and coiled, in widths ranging up 
to 72 in. 

The extrusion plant is equipped with presses of 
250-5,500 tons capacity and a heavy press of 
13,200 tons capacity. 

Magnesium alloy AZ31B (3°, Al, 1% Zn) is 
employed as tooling plate. Available in thicknesses 
from } to 6 in., it costs less than other lightweight 
tooling metals. Flatness of the as-rolled plate is 
satisfactory for tooling purposes. Magnesium tread- 
plate, also rolled directly, is made into duck boards, 
platforms, and mechanical handling equipment 
where strength, light weight, ruggedness and long 
life are required. 

Alloy ZEIOA (1-7°, Zn, 0-17°%, rare earth 
metals) is a new sheet composition. Unlike 
AZ31B, stress-relieving after welding is not neces- 
sary. This advantage, when combined with the 
good strength (38,000 Ib./sq. in. tensile, 28,000 
Ib./sq. in. yield, 15°,, elongation) and the excellent 
weldability of the alloy, promises high produc- 
tivity of large structural assemblies. 
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INSTRUMENTATION 


Mass spectrometer 


Metropoliten-Vickers Electrical Co. Ltd. has just com- 
pleted the first production model of the MS7 mass 
spectrometer. The instruments now being produced 
are for the National Physical Laboratory, the Services 
Electronics Research Laboratory, the Mond-Nickel Co. 
and the U.K.A.E.A. Recently, orders for this instrument 
were also received from France and America. 

The MS7 mass spectrometer has been designed speci- 
fically for the purpose of measuring minute impurities in 
solid substances using the spark ionization technique. 
It will be of invaluable use in fields of science and engin :er- 
ing where it is essential to use materials of the highest 
purity, such as nuclear engineering, semi-conductor 
research and manufacture, and in the development of 
non-ferrous metals and alloys. 

Some of the materials which have been successfully 
analysed down to 0-01 p.p.m. with the prototype model 
include uranium, reactor-grade graphite, germanium, 
selenium, silicon, gallium-arsenide, magnesium, titanium, 
tungsten, iron, copper, aluminium, tin and nickel- 
chromium alloys. 


Electron diffractograph 

The Triib, Tauber electron diffractograph KD3 has 
been designed for universal application. Problems in 
crystallography, physics and metallurgy can be solved 
using the basic apparatus with standard components. 
By the fitting of additional parts, the diffractograph is 
readily adaptable to users’ special requirements. 

Diffraction patterns can be observed on a luminous 
screen or recorded on photographic plates or films 
A special device which is motor-driven, permits the 
continuous recording of structural changes as a function 
of temperature of the object. 

The specimen can be etched under vacuum by ionic 
etching bombardment. A special ion gun of high current 
intensity with seven beams is designed for this purpose. 

It is of great importance in this type of investigation to 
be able to observe the changes in the diffraction pattern 
as successive layers of the specimen are etched away. By 
operating the ion gun simultaneously with the moving 
film the progressively changing surface structural pattern 
may be recorded. 

Comprising a tube for the electron beam with vacuurn 
equipment and high voltage rectifier, the basic equipment 
permits recording of diffraction patterns from layers and 
surfaces, using the so-called transmission and reflection 
method at room temperatures. Accessories, provided for 
influencing the object during tests, consist of a specimen 
holder for heating the object up to 900°C. and a device 
for cooling the specimen to low temperatures. The 
diffractograph is so designed that the specimen holders 
will move the object into any desired position and rotate 
it about its axis during operation and without interrupting 
the vacuum. For direct viewing of the specimen an 


optical microscope is available with a magnification of 


< 200. 

When working with semi-conductors and insulators 
the effect of loading on the diffraction pattern may be 
eliminated by the use of slow electrons from a separate 
discharge device. 

Evaporation of metals in the diffraction chamber can 
be utilized to produce the thin evaporated layers without 
exposing them to the atmosphere. 

The Triib, Tauber cold Induni cathode with an acceler- 
ating voltage between 20 and 50 kV., the vacuum equip- 
ment with a special oil diffusion pump, and the clear and 








1 Trib, Tauber electron diffractograph 


simple arrangement of the controls make the electron 
diffractograph very efficient and reliable. The electron 
optical accessories in the apparatus make it possible to 
observe micro-diffraction as well as electron optical 
magnification of the object of about 70. 

Also manufactured by Triib, Tauber is an electron 
emission microscope for the investigation of metallic 
and semi-conducting specimens by direct viewing and 
an NMR-spectrograph for high resolution. 

Sole agents of Great Britain for Triib, Tauber & Co. 
Ltd. are H. Tinsley & Co. Ltd., Wendee Hall, South 
Norwood, London, S.E.25. 


Improved flow metering 

Honeywell Controls Ltd. have recently raised flow and 
liquid level metering accuracies by installing a new 
high-performance diaphragm on their differential con- 
verter transmitters. The * pneumatic balance ’ differential 
converter, which previously contained a Fluon-coated 
diaphragm separating high- and low-pressure chambers, 
now uses ‘ Viton’ as a diaphragm coating. 

Honeywell’s production engineers have found that the 
new diaphragm provides better long-term stability of 
measurement and higher stability under varying tem- 
peratures. The chemical resistance of the new diaphragm 
is good, and it can be used to meter alkalis, amines, 
hydrocarbons and dilute or concentrated mineral acids. 
The Teflon-coated diaphragm remains available as an 
option for metering substances which might attack the 
new diaphragm. 


march, 1960 





SO AE ORE Ad sb A ISA ai ED 


yener Re yee 


abi Bain Ota! 2 Il 


Porno 


ED Oe Lp hart aA NE Ag, 








tron 
tron 
e to 
tical 


tron 
tallic 
and 


Co. 
outh 


and 


con- 
ntial 
vated 
bers, 


t the 


y of 
tem- 


ines, 
\cids. 
iS an 
c the 





eo Ne, ROOD Ee 


swipe kes ha 


& RR 


march, 1960 


NEW PLANT 


High-temperature sintering furnace 


A new heavy-duty sintering furnace for operation at . 


temperatures up to 1,650°C. with a hydrogen atmosphere 
has been designed and manufactured by Royce Elec'ric 
Furnaces Ltd. for a special application (fig. 1). 

The heating chamber is a replaceable tube of fused 
alumina 5 in. inside diameter, 32 in. heated length 
Fused alumina tiles housing the heavy section molyb- 
denum heating elements surround the tube along the 
heated length and also support the tube, allowing free 
dissipation of heat and providing mechanical strength 
A special high-temperature insulation of porous alumina 
behind the bricks is backed by graded thermal insulation, 
reducing heat losses to a minimum. 

This design is a great improvement upon the molyb- 
denum wound refractory tube usually used in this type 
of furnace. A mechanical failure of the work tube due 
to thermal shock or stress from the charge load does not, 
with this new arrangement, cause failure of the heating 
elements. Conversely, the work tube is unaffected by 
an electrical failure of the elements, which can be replaced 
individually in the segmental pure alumina tiles. A 
further advantage of this new design is that considerable 
sensible heat is absorbed in the refractory lining, acting 
as a heat reservoir. This serves to even out the heat 
distribution and coupled with the mechanically strong 
construction makes the furnace very suitable for heating 
heavy Icads. 

The cylindrical furnace casing is constructed of heavy- 
gauge mild steel plate, with removable end covers, the 
whole being gas-tight. At the charging end an extended 
solid drawn tube acts as a preheat-purging chamber; the 
exit chamber is water cooled to ensure that a charge is 
below oxidation temperature before leaving the furnace. 

Atmosphere of hydrogen or cracked ammonia is fed 
through an inlet under the furnace to distribution pipes 
in the thermal insulation in the base. The gas percolates 
through the insulation absorbing heat and is, therefore, 
preheated before entering the work tube. Auxiliary 
inlets are provided in the main furnace casing and 
between heating and cooling chambers to allow an 
increase in the gas flow when doors are opened for 
charging or discharging. A ‘ burn-off’ at both dors 
consumes excess hydrogen and prevents ingress of 
oxygen. 

Heating is divided into two independent, automatically- 
controlled zones along the length of the heating chamber. 
Automatic temperature control, mounted in a separate 


1 Heavy-duty sintering furnace 
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2 Surface- 
grinding 
machine 





control desk, comprises three positions, indicating type 
temperature controllers operating motorized voltage 
regulators giving stepless variation of the low-voltage 
element supply. By this means the current is not 
switched off when controlling at the pre-set temperature. 
The secondary voltage of the motorized regulator is 
automatically adjusted so that the power input to the 
furnace balances the consumption. This method gives 
a very smooth control eliminating fluctuations that may 
be obtained with ‘ on-off’ control. Similar units are in 
operation with transductor control. Provision is included 
for hand control when required. 
The furnace is rated at 25 kW 
operation on a three-phase supply. 
A charge of piece parts in alumina powder in a carbon 
boat 12 in. long has a gross weight of 14 lb. The boats 
are progressed through the preheat, heating and cooling 
chambers by a hand pusher or by a cycle-timed automatic 
pusher ensuring repeatability of the sintering cycle. 


and is arranged for 


Surface-grinding machine 

The 90ML is the latest addition to the Lumsden range 
of grinding machines. This machine incorporates a 
new automatic feed control to the wheel spindle ram. 
With this mechanism it is now possible to preset 
accurately the amount of stock to be removed. For 
example, if 0.050 in. is to be removed and the estimated 
ratio of stock removal to wheel wear is 10:1, the trip 
dial is set to 50 +5, i.e. 55, and the feed-rate adjuster, 
set to any one of ten feeds, according to surface area and 
material to be ground. The trip dial turns as the wheel 
descends so that it shows the amount the wheel still has 
to feed. The feed stops when the trip dial registers zero. 
A second dial is provided for setting and adjusting the 
trip mechanism, this dial is graduated in very widely 
spaced 0-001 in. divisions. 

Another development on this machine is an important 
new safety device which ensures that should the current 
to the magnetic table fail, a relay starts the elevating motor 
of the wheel spindle ram in the upward direction and all 
other motors stop. Thus the wheel is clear of the work 
before the residual magnetism has decreased sufficiently 
to allow the work to be thrown off the table as it slows 
to a stop. 

Other electrical interlocks are provided to ensure 
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safety of operation, for example, the feed handwheel 


must be pulled outwards before the feed motor can be 


started—this ensures that there is no danger of a blow 
from the spokes of the handwheel and that the ‘ down’ 


button is inoperative should this be pressed instead of 


the ‘feed start.” Another interlock ensures that the 
magnetic table must be energized before the spindle 
motor can be started. 

Alfred Herbert Ltd., Coventry, are sole agents for the 
Lumsden range of surface and tool grinding machines 
in the U.K. 


Packaged oil-gas plants 

The Incandescent Heat Co. Ltd., of Smethwick, England, 
report their development of a new process for the gasi- 
fication of petroleum oil. The process is continuous and 
does not employ catalysts. Cracking heat is supplied by 
burning oil and waste products in a compact and simple 
furnace setting. The oil to be gasified is injected 
together with steam into a system which is specially 
designed to enable a uniform and precise control of 
cracking temperatures to be exercised. By these means 
the production of unwanted by-products (particularly 
carbon and tarry condensates) can be kept to a minimum; 
more particularly the calorific value of the gas produced 
can be varied continuously in the range 500 to over 1,200 
B.Th.U./cu. ft. The gas is interchangeable with natural 
gas or coal gas of similar calorific value. Results obtained 
with a heavy distillate oil indicate that this system can be 
operated economically over a wide range of throughputs. 


Decimal desk calculator 
A desk calculator, which can give the results of calculations 
speedily and accurately, has recently been introduced 
into this country. Manufactured in Switzerland, it is 
based on a system which has been in use on the Continent 
for a number of years. 

The calculator (fig. 3) is made in card index form 
and has 99 pre-calculated tables whose range goes from 
1 up to 9,999. As the decimal point can be shifted at 
will in any direction the range would, of course, comprise 
digits such as 0-0001 and 9,999,000. Zeros can also be 
added as desired. Each of the 99 tables has an indicator 
tab denoting the prefix number of the respective table, 
i.e. from 1 to 99. It can be used for practically an un- 
limited variety of calculations. 

Operation of the calculator can be learnt in a very 


3 © Unical’ 


card index-type calculators 
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4 Vacuum 
Susion plant 
for gas 
analysis 





short time. 
plicated costing and estimating problems where the basic 
amounts are not greater than five significant figures. 
Weighing 7 Ib., it works noiselessly and requires no 


It has been successfully applied to com- 


repair. It can easily be carried from one place to another 


and is used only with one hand while the other hand 
writes down results. 


Vacuum fusion gas analysis of metals 
Gas analysis of metals by vaccum fusion is now a widely 
known technique throughout the industry and has many 
advantages over conventional wet methods of analysis. 
The latest production version of the vaccum fusion 
apparatus produced by Edwards High Vacuum Ltd., 
Manor Royal, Crawley, Sussex, is highly advanced 
equipment for macro determination of gases in steel 
and other metals, and the prototype was tested by the 
British Iron and Steel Research Association for several years. 
The apparatus is exceptionally compact and glasswork 
has been reduced to a minimum. The most modern 
vacuum pumps and vacuum engineering methods have 
been used, resulting in a number of novel features. The 
major advantage concerns the use of the ‘ Speedivac ’ 
2M4 mercury diffusion pump which has a high com- 
pression ratio. With a limiting backing pressure of 
35 torr the 2M4 can extract a large mass of gas from the 
furnace and compress this into a very small collecting 
space. Its high pumping speed, 75 1./sec., also ensures 
that this gas 1s extracted quickly, thus ‘reducing the 
* getter’ effect frém evaporated metal films. A further 
advantage of such a system, using a small collecting 
space, is the absence of large surface areas, thus reducing 
a source of additional outgassing. 


Nash & Thompson’s new factory 
Nash & Thompson Ltd. have acquired a second factory 
at Hook Rise, Tolworth, within 200 yards of their present 
research and production unit in Oakcroft Road, Chessing- 
ton, Surrey. This new factory has increased the avail- 
able space by 35,000 sq. ft. and the transfer of adminis- 
trative departments, research and development and some 
production departments has now been completed. 
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Electrical Aids in Industry 


Dielectric Heating -1 





When an electrically non-conducting 
material is placed between two metal 
plates, called electrodes, connected to an 
A.C. supply, the alternating electro- 
static field between the electrodes con- 
siderably speeds up the molecular 
movements in the material (termed a 
* dielectric’) as a result of which the 
temperature of the material under treat- 
ment rises. A similar effect is produced 





where the two electrodes are positioned 
on the same side of the dielectric; in this 
case the electrostatic field between them 
is generally known as a ‘stray’ or 
‘fringe’ field. For industrial applica- 
tion, the applied voltage of the order of 
15,000 volts supplied by an electronic 
generator alternates at frequencies of 
some millions of cycles per second. 


The amount of heat generated in the 
dielectric is determined by the fre- 
quency, the square of the applied 
voltage, the dimensions of the obiect and 
a physical property of the material 
termed ‘loss factor’ and is represented 
by the equation : 


Power 1°41 E* f.F. 2 x 10719 kW. 
Where E applied voltage, 


f frequency, F = loss factor. 
A area of the dielectric in square 
inches. 


t thickness of the dielectric in inches 
F, the loss factor, is itself equal to the 
expression K Cos © in which : 

K the dielectric constant of the 
material, 

Cos © the dielectric power factor of 
the material. 


Therefore, ‘ loss factor ’ is a property of 
the material and a measure of the ease 
with which it can be heated by this 
method. Like other physical properties, 
it varies considerably for different sub- 
stances. The equation shows that the 
heat generated in a dielectric is propor- 
tional to its loss factor, but the rate of 
rise of temperature will also depend 
upon its specific heat and density. The 
following table gives approximate values 
of the dielectric constant, power factor 
and loss factor of a few typical dielectric 
materials for frequencies around a 
million cycles a second. 


Data Sheet No. 10 























MATERIAL | ‘CONSTANT | FACTOR | FACTOR 
ee 29 002 | 0-058 
Oak, dry 3-3 0-04 0-132 
P.V.C. 5-3 0-06 0-318 
Nylon 3-7 0-05 0-185 
a 80-0 003 | 2-40 
Water, tap 80-0 0-5/5-0 | 40/400 











The high loss factor of water means that 
materials which are difficult to heat 
when completely dry will often heat 
efficiently when moisture is present. The 
voltage must be increased towards the 
end of the process in some cascs to 
remove the final moisture traces, the 
reduction in loss factor as the material 
dries out providing a safeguard against 
overheating. 


If the workpiece is made up of a number 
of materials, each material will heat up 
uniformly but each at a rate depending 
upon its loss factor, thermal properties 
and density. The degree of temperature 
uniformity throughout the workpiece 
will then depend upon the extent to 
which thermal conductivity can equalise 
different rates of heating. 


ee ee 
——— — 
ae <a” v) 
= ees 
= 


Such different rates of heating can be 
turned to good account in certain ap- 
plications. For example, in wood glue 
setting, the glue lines heat up much 
more rapidly than the wood pieces being 
joined and the glue sets before the wood 
heats up substantially, wood having a 
lower loss factor than glue. 





5 


For further information get in touch 
with your Electricity Board or write | 
direct to the Electrical Development | 
Association, 2 Savoy Hill, London, 
W.C.2. Tel : TEMple Bar 9434. | 
Excellent reference books on electricity | 
and productivity (8/6 each, or 9/- post | 
free) are available — “ Induction and 
Dielectric Heating ’’ is an example. | 
E.D.A. also have available on free loan | 
in the United Kingdom a series of | 
films on the industrial uses of electri- 
city. Ask for a catalogue | 
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NEWS 


GAS AT WORK IN INDUSTRY 


SOME OF THE MANY applications of gas in industry were 
shown in an exhibition at the Royal Horticultural Hall, 
Westminster, this month. The exhibition, the second of 
its kind, was sponsored by four of the 12 Area Gas Boards 
and included a range of equipment, much of which was in 
operation. The demand for gas is apparently high in 
industries where processes are continuous and precise 
control is essential; a central feature showed examples, in 
the form of models and pictures, of the part gas plays in 
the development of modern industry. 


On the heat-treatment stand, British Furnaces Ltd. 
were exhibiting their new gas-fired shaker-hearth furnace, 
which is capable of giving light case treatment or surface 
carbon correction. The furnace, fabricated in mild steel, 
is cylindrical, with integral support legs and base for the 
shaker mechanism. It is lined with hot-face insulation 
brick and backed up by diatomaceous earth designed to 
give the minimum thermal! capacity and minimum radia- 
tion losses. The burner equipment was made up of 10 
low-pressure, tangentially disposed tunnel burners of the 
new short-flame design and mounted in removable 
H.R.I. carriers, each with a premix pilot burner for safety 
when lighting up. The work to be treated is introduced 
to the furnace by means of a tray activated by a 4-in. bore 
air cylinder which has separate forward and backward 
speed adjustment and a frequency adjustment. 

Shown in conjunction with the furnace was the MRX 
atmosphere generator. The gas atmosphere is generated 
by the endothermic reaction of air-gas mixture heated 
externally in a tube containing a catalyst, and the atmo- 
sphere so produced is suitable for bright annealing and 
clean hardening of low- and medium-carbon 
without scale or decarburization. 

A rotary retort carburizing and carbonitriding furnace 
was also on show on this stand exhibited by Thermic 
Equipment & Engineering Co. Ltd. The furnace 


steels 


was having its first appearance at an exhibition and was 
with all flow gauges, giving process 
carburizing or carbo- 


shown complete 
control for clean hardening, gas 
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nitriding. The makers claim that the unit provides a low- 
cost, controlled-atmosphere plant for treating steel com- 
ponents in batches, combining precise metallurgical 
control with high output. A special feature of the unit is 
that it does not require a separate generator to control 
case characteristics. 


Dowson & Mason Ltd. exhibited a gas-fired 
continuous-wire-mesh conveyor muffle furnace which can 
be used in connection with the annealing and heat treat- 
ment of small pressings and similar components as well as 
brazing and sintering. Capable of an output of 80 Ib./h. 
at a temperature of 800°C., the furnace is primarily 
intended for heat treatment in a prepared atmosphere and 
is used, for example, in the manufacture of radio valves. 
One of the particular advantages in using gas as a fuel in 
this furnace is that, as a result of the low sulphur content 


of town’s gas, the life of the muffle is greatly increased. 
Another furnace having its first showing at an exhibi- 
tion was the small continuous furnace, fired by in- 
candescent tubes and used for the vitreous enamelling of 
badges and similar small enamelled ware, shown by the 


Incandescent Heat Co. Ltd. The outstanding feature 
of the furnace is the use of Jetubes, high recirculation 
tubes developed by the company. A mixture of gas and 
air is burned in a refractory-lined section of the tube and 
products of combustion leave this chamber at high velocity 
through a nozzle, entrain the hot gases already re- 
circulating in the body of the tube, so building up re- 
circulation. The system gives even heating throughout 
the whole tube and the makers claim very high heat- 
transfer rates and a much improved flexibility, working at 
temperatures between 550 and 830°C. This type of 
furnace is already being used for heating tinplate strip in 
the high speed, continuous annealing line at the Velindre 
works of the Steel C sompany of Wales Ltd. 

On the flame heat-treatment stand, a cutting machine 
which can read pencil line drawings automatically without 
physical contact between tracer and drawing was displayed 
by Hancock & Co. Ltd. The Hancoline machine 
has been constructed to give a high degree of accuracy 


Pediinghaus fully-automatic 
town’ s-gas 


oxy- 
gear-hardening plant 
using the recently-developed spinning 
method. Machines are available for 
small sprockets up to gears of 5 ft. 
diameter and 10 in. tooth width. 
The spinning method demands a 
bulk gas supply of adequate capacity 
as the consumption rate is consider- 
able 
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over the cutting area. Of the dual-carriage type, the top 
and bottom carriages are of box construction giving rigid 
protection to the moving parts and electrical equipment. 
‘The bottom carriage runs on heavy section rails ground to 
a tolerance of 0-001 in. The sides of the main rails are 
ground to a similar tolerance and are engaged by ball- 
bearing check rollers. A live axle couples one pair of 
bottom carriage wheels and ensures precise longitudinal 
motion. Check rollers are mounted where necessary on 
eccentric bushes to make adjustment of squareness easy. 
The burner equipment is the latest non-backfiring F.C. 
type with flexible tubing coupling the burner head to the 
trimming valves, and provision is made to enable additional 
burner assemblies to be fitted without any structural 
modification of the machine. 


Probably the most important item in this machine is the 
scanning head which scans the line drawn on a specially 
treated piece of paper, to offset any variation in the drawn 
dimensions due to atmosphere and temperature effects on 
the paper, and sends photocell signals to the control 
cabinet. The amplified signals are then passed to the 
servo motor geared to the scanning head, which is free 
to rotate and equipped with a small spotlight for location 
and setting purposes. 


Another useful feature which adds to the simplicity of 
this system is a prismatic device, an integral part of the 
scanning head. A calibrated dial is provided, enabling 
the width of cut to be made automatically by the machine. 
Thus the drawing required is the same size as the work 
piece, and the laborious task of making drawings specially 
dimensioned to compensate for width of cut is eliminated. 


An exhibit that had a great deal of attention paid to it 
during demonstrations by Surfard Ltd. was the Pedding- 
haus fully-automatic, oxy-town’s-gas gear-hardening plant, 
utilizing the recently perfected spin-hardening method. 
The complete cycle of operations is preset and ensures 
consistent and accurate results. It is available for harden- 
ing small gears and pinions up to 5 ft. diameter and 10-in. 
tooth wid h, to a predetermined depth below the roots of 
the teeth, and the makers claim great increases in strength 
together with a remarkable reduction in distortion. The 
basis of this process is the milliscope pyrometer which can 
follow the temperature riscs during a much shortened 
heating time, withoui any appreciable time lag. It uses 
the principle of the incandescent lamp pyrometer by com- 
paring the radiations of two bodies inside a certain wave 
band, one issuing from the object and the other from a 
calibrated incandescent lamp. The receiving element 
consists of a lead sulphide cell. The floor-to-floor time 
for a small spur gear of 8} in. dia. and 4-in. tooth width is 
4) min., and on quenching the gear may be handled 
manually. Surfard Ltd. are the representatives for 
England. 


A new conveyorized pre-heating and fusing plant of 
particular interest to manufacturing jewellers, enamellers 
and badge manufacturers was displayed by Stewart Gill 
& Co. Ltd. The design enables accurate control of 
time and temperature to be obtained and virtually 
eliminates trial and error methods. 


Gas-heated panel units for infra-red radiation were 
shown by Parkinson Cowan Industrial Products. 
They can be used in the vertical position or inclined up to 
45° in either direction and an average panel temperature 
of 650° is available over the whole radiant area of 


4} sq. ft. 


The ease of installation is claimed a feature of these 
tunnel units, each of which is complete in itself, and in 
most cases no additional frameworks or casings are 
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necessary. The burners fitted are the neat-flame type and 
can be inspected while in operation and be removed for 
cleaning or adjustment from the rear of the unit without 
disturbing the assembly. The conveyor most used with 
these panels is of the monorail type which suspends the 
work to be treated and is speed-adjusted according to the 
process involved. 


Air-blast tunnel burners and a gas-fired industrial 
batch-oven formed the exhibits of Barlow-Whitney 
Ltd. The oven was of the tray-loading type with air 
circulation with circular- and slot-discharge-type burners, 
electrically ignited and with ‘ Ether ’ flame failure equip- 
ment. An interesting feature of the oven was a safety 
relief panel of aluminium foil which blows out when the 
pressure builds up to a predetermined maximum. 


An interesting demonstration was presented by 
Fattorini & Sons Ltd., who produce badges and 
lapel emblems. Visitors were able to watch the enamelling 
and finishing of metal badges which included the cleaning 
and bright dipping of stampings, the application of the 
enamel, and its subsequent firing and glazing. 


Gas exhibition at Harrogate 


A northern ‘Gas at Work in Industry’ Exhibition, 
lasting five days, opens at Harrogate on March 28. Some 
of the exhibits are being taken from the London exhibition, 
but a wide range of new exhibits will be shown and the 
scope of the exhibition is being extended. The Harrogate 
exhibition is the first exhibition of its type to be held in 
the provinces, and emphasis will be given to applications 
of gas which are specially applicable to the North of 
England. 
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Classified Advertisements 


FIFTEEN WORDS 7:. 6d. (minimum charge) and 4d word 
thereafter. Box number 2s. 6d. including postage of replies. Situations 
Wanted 2d. per word 


Replies addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and yt Forging, John Adam 
House, John Adam Street, London, W.C.2. 


SITUATIONS VACANT 


GILLETTE INDUSTRIES LTD. 
Isleworth, Middlesex 


require a Deputy Works Laboratory Manager. Appli- 
cations are invited from qualified Metallurgists between 
28 and 35 years of age who have had experience in the 
metallurgy of ferrous and non-ferrous metals, preferably 
in the fields of hot stamping, cold pressing, machining 
and general allied engineering processes. 

The successful candidate will be required to take charge 
of the Works Laboratory in the absence of the Manager 
and deal with all facets of departmental business, including 
chemical, physical and engineering problems. Duties 
involve investigation of current manufacturing methods 
and quality control of raw materials such as blade strip, 
and brass and aluminium rod and strip. 


Starting salary will be according to age, qualifications 
andexperience. Fringe benefits include non-contributory 
pension and life insurance for married men. 

Applications in writing, which will be treated in 
strictest confidence, should give full details of age, 
education, experience and present salary, and should be 
addressed to the Personnel Controller, quoting reference 
No. EAS/125 on both envelope and letter. 


METALLURGIST. With wide works experience for control 
and development of production heat treatment. Ex- 
perience of atmosphere control and gas carburizing an 
advantage. Salary according to experience, contributory 
pension scheme. Apply: Heat Treatment & Brazing 
Co. Ltd., Hersham Trading Estate, Walton-on-Thames, 
Surrey. Tel.: Walton-on-Thames 20576. 


MACHINERY WANTED 
MODERN, SECONDHAND, MASSEY, SELF-CONTAINED FRICTION 
DROP STAMP wanted, 20 to 40-cwt. capacity. Box MS124, 
METAL TREATMENT AND DROP FORGING. 


FOR SALE 


*‘ RYDER” NO. 3 GAUGE, 5-SLIDE FORGING HAMMER for 
sale. Capacity, rounds and squares up to 2} in., tubes 
up to 4 in. diameter. Distance centre to centre of blocks 
11 in. Arranged motor drive 380/420/3/50. Work 
support tables.—F. J. Edwards Ltd., 359 Euston Road, 
London, N.W.1, or 41 Water Street, Birmingham, 3. 


ERIE 8,000-lb. HAMMER, new 1938, un- 
used since 1947, no defects. Operation by 
steam or air. Dismantled. Available 
immediately.—Box ER126, Metal Treat- 
ment and Drop Forging. 
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Dust & Grit 
Collectors 


A new addition to the range of 


A. & O. dust and grit collectors 
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This photograph shows an Alldays & Onions UF/I 
Dust Collector, primarily for use with hearths and 
designed to meet the requirements of the Clean Air Act. 
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London Office 


Phone: ViCtoria 2251-4 


2 Queen Anne’s Gate, Westminster. London, $.W.5 
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UF NEWALL BRANDED BOLTS 


$s and 


r Act. Newall Hitensile ... Newalloy... Newallastic ... Newall Hi-tem 


are recognised by engineers as having unique qualities. We 

shall be happy to supply any engineer designer who is interes- 

ted with details of the various bolts and studs, which cover the 
full range of modern requirements. 


A PNEWALLS COLD. ciiscci:. 
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Automatic Cycle— 
High Speed 
Self-contained — 


No Foundation 





Hydraulic Press 


* 21 Units Range : 500-750 - 1000 tons 
operating in 


Midiand forges alone. 






Hydraulic Engineering 
Designs also include :— 


Heavy Duty Forging Presses for hot work up to 1500 tons 
capacity. High Speed Presses for cold flow forging up to 
1500 tons capacity. Cold Die Hobbing Presses up to 5000 tons 
capacity. Straightening and Bending Presses. Hot Plate 
plastic moulding—baling—axle and special purpose 

presses to customers’ individual specifications. Hydraulic 
Pumping Gear, accumulators and installations, etc 


HYDRAULIC 


ENGINEERING COMPANY LTD. 


WORKS AND HEAD OFFICE: TELEPHONE CHESTER 21441 (3 lines) 

LONDON OFFICE: TRAFALGAR HOUSE, WATERLOO PLACE, PALL MALL, 8.W.1. TELEPHONE: WHITEHALL 9384 
MIDLAND REPRESENTATIVES: JOHN DODD & CO.. 58 AVON CRESCENT, STRATFORD ON AVON 
TELEPHONE STRATFORD ON AVON 3974 
Northern Counties: JAMES FORD & PARTNERS LTD.. 24 THE GROVE, GOSFORTH. NEWCASTLE-UPON-TYNE, 3 
TELEPHONE GOSFORTH 53338 & 58288 
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Efco introduce another major advance in furnace 

. design—a vertical atmosphere furnace with a cylindrica 

heating chamber, a built-in quench tank and a water 

cooled purging chamber 

Now you can choose between vertical and horizontal 

” multi-purpose furnaces for gas carburising, carbonitrid ng. 
hardening, annealing and carbon restoration 


Write for details of the ¥CQ@ furnace 


} BEST OF THE WORLD'S 


. CURRENT FURNACE DESIGNS 


ELECTRIC RESISTANCE FURNACE CO. LTD 


NETHERBSY, QUEENS ROAD, WEYBRIDGE, SURREY  Werbridge MP! 
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HEAT TREATMENT 


oy) 


facilities 


for 


The ENV heat treatment 
plant is one of the most 
modern and comprehensively 
equipped in the London area. 
Facilities include full metal- 
lurgical control, quenching 
press equipment and electric- 
ally controlled flame harden- 
ing machine. 

Enquiries for heat treatment 
of production quantities are 
invited. 


E.N.V. ENGINEERING CO. LTD 


Hythe Road, Willesden, N.W.10 


Telephone: LADbroke 3622 











ABBEY HEAT 
TREATMENTS LTD. 


Plaza Works, lligh St., Merton, S.W.19 
° 
Specialized Heat Treatment 
in our NEW Capacity Furnace 
with non-oxidizing atmosphere 
* 
SPECIALLY DESIGNED for the heat 
treatment of high temperature alloy 
materials up to 1,300°C. 
* 


Enquiries will be dealt with personally by our 
Technical Staff - Ring CHERRYWOOD 2291/2 


AID. DAARM. LEME. & A.R.B. Approved 














Photograph by courtesy of Faulkners Ltd., Slough 


BARLOW -WHITNEY LTD. 


2 DORSET SQ., LONDON, N.W.! 
Telephone: AMBassador 5485-6 


Works - - - London and Bletchley 





AP 112 


The ‘ Barlow-Whitney’ range in- 
cludes Vertical Loading Furnaces 
with Forced Convection for 
solution treatments, secondary 
hardening, annealing, tempering 
and ageing processes. 


REFERENCE H 260. 









BATCH & CONTINUOUS 
ELECTRIC & GAS 
STANDARD & SPECIAL 


WRITE FOR DETAILS QUOTING 
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HAS 
FORGED 
AHEAD 


IN LESS THAN TWO YEARS 


Since the formation of our Company, less than 
two years ago, to develop the new “Grad” 
process for manufacturing Colloidal Graphite 
Dispersions, we have become the LEADING 
SUPPLIERS TO THE FORGING INDUSTRY 


WHY is ix possible for a newly formed company 
to jump so quickly to the forefront? 


BECAUSE our service is unrivalled, our prices 
are lower and our delivery is the best in the 
country, in most cases less than twenty-four 
hours, coupled with our wiliingness to visit your 
works at short notice to help solve your prob- 
lems at our expense 

Watch out for our regular advertisements 


GRAPHOIDAL DEVELOPMENTS LTD. 


CONSULTING LUBRICATION ENGINEERS 


CLUBGARDENS WALK, SHEFFIELD, !I! 
Telephone: Sheffield 27385 















5 — Furnaces 
eC «20 ets 
4 — Furnaces 
40 «36 x16 
1 — Furnaces 
40° x76 x26 


metal treatment 
and Drop Forging 


THOMAS ANDREWS 


AND COM PANY LIMITED 
High-Grade Steel Makers 




















“ ” HIGH SPEED STEELS 
MONARCH HOT & COLD DIE STEELS 
TOOL HOLDER BITS 

“HARDENITE * CARBON & ALLOY TOOL 
) STEELS forALL PURPOSES 


wW HELVE”’ ( CARBON TOOL STEEL for 
? CHISELS, PUNCHES, &c. 
































ROYOS WORKS ANDO 
HARDENITE STEEL WORKS 
ATTERCLIFFE ROAD, SHEFFIELD, 4 

















Export Department 
THE HARDENITE STEEL COMPANY LIMITED 














Teveprone Telegrams : 
Sheffield 22/3 Shafting. Sheffield. 4 













































FORGING FURNACES 
FOR GENERAL PURPOSES 





caour 


liiustrated is part of a battery of gas fired Forging 
Furnaces, supplied to the Butterley Company Limited, 
Codnor Park Works, Nottingham. Installation comprises 
Furnaces for bending plates; making springs, 

axle guards and general wagon parts; drop forging of 
small and large billets 


metal treatment 
and Drop Forging 


30 march, 1960 


STAINLESS STEEL 
HEAT RESISTING 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 
CYANIDING POTS 


CASE HARDENING BOXES 
CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM erc. 


HIGH SPEED TOOL, Dit 

& SPECIAL ALLOY STEELS 

also STAINLESS STEEL ROAD 
LINES, STUDS 8 SIGNS : 





HIGHLY ALLOYED STEEL 
CASTINGS 


*JOFO”’ castings are available in 
a wide range of qualities 


From a few ozs up to 10 cwts each 


M.0.S. approved inspection facilities installed 
Routine X-rey control 


AM fohnson sie Sd 


Regd. Office 
BROADFIELD RD., SHEFFIELD 8 
Telephones : 5243! 4 
Office and Works Entrance 
AIZLEWOOD RD., SHEFFIELD 8 
Foundry : Aiziewood Road, Sheffie 
Machine Shops: Broadfield Road, Sheffieic 
London Office : Central House 
Upper Woburn Place, W 

(EUSton 4086) 
Glasgow Office : 93 Hope Street 
(Central 8342/5 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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march, 1960 metal treatment 
~ and Drop Forging 


FOR 
HIGH TEMPERATURE 
SERVICE 


THE NICKEL- 


CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 


THE CRONITE FOUNDRY CO. ig 


LAWRENCE ROAD, TOTTENHAM, LONDON, N15 sranroe 





MARCH, 196C 
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General Purpose 2 
Die & Mould Stee! 








Lf 
\/ 
\/ s 
Chromium/Vanadium Chromium/Molybdenum/ Nickel/Chromium’! 
Tungsten/Molybdenum Vanadium Molybdenum 
Hot Working & Forging Aluminium Extrusion & Backing Die & Hot w, 
Die Steel Pressure Die Casting Steel Working Steel 


Walter Somers Limited ' 


HAYWOOD FORGE - HALES OWEN - NR. BIRMINGHAM Telephone: Hales Owen 1185 














